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LETTER  OF  TRANSMITTAL. 


Signal  Office,  War  Department, 

Washington  City,  October  26,  1886. 
Sir:  I  have  the  honor  to  forward,  herewith,  the  Annual  Eeport  of  the 
Chief  Signal  Officer  of  tUe  Army,  for  the  year  ending  June  30,  1886. 
This  annual  report  is  largely  reduced,  being  only  one-fourth  the  size  of 
the  report  for  last  year ;  three-sevenths  of  the  report  for  1884 ;  one- 
third  of  the  report  for  1883 ;  and  less  than  one- fourth  of  the  reports  for 
the  years  1882,  1881,  and  1880.  The  tables  in  the  reports  for  1884  and 
1885  contained  400  pages,  while  the  tables  in  this  report  will  not  occupy 
more  than  130  pages.  Only  tables  of  current  value  and  of  a  special 
interest  have  been  selected  from  the  large  number  prepared. 
I  am,  very  respectfully,  your  obedient  servant, 

W.  B.  HAZBN, 
Brig,  and  BvU  Maj.  0€n.j  Chief  Signal  Officer,  U.  S.  A. 
The  Secret  ART  of  War. 
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Signal  Office,  War  Department, 

Washington  Oiiyj  October  9, 1886. 

Sir  :  I  have  the  honor  to  sabmit,  herewith,  my  report  upon  the  work 
of  the  Signal  Service  daring  the  fiscal  year  ending  Jane  30, 1886,  and 
to  refer  to  the  action  based  upon  the  report  of  the  Joint  Commission  of 
Congress  on  the  Signal  Service,  appointed  with  a  view  to  secnre  greater 
efBciency  and  economy  in  the  administration  of  the  pnblic  service. 

instruction. 

The  coarse  of  instrnction  at  Fort  Myer,  as  annoanced  in  my  last 
annual  report,  has  been  continned  daring  the  year,  providing  for  the 
theoretical  and  practical  instruction  of  the  officers  and  enlisted  men 
in  the  duties  required  of  the  Signal  Corps  in  time  of  war  and  for  the 
meteorological  service. 

The  whole  theory  of  the  organization  is  that  the  entire  force  of  the 
Signal  Corps  shall  be  available  for  immediate  service  in  case  of  war. 
With  this  end  in  view,  Fort  Myer  has  been  utilized  as  a  post  of  instruc- 
tion where  the  officers  and  enlisted  men  are  made  expert  in  flag  and 
torch  signaling,  in  the  use  of  the  heliograph,  telegraphy,  and  in  the 
service  of  the  field  telegraph  train.  The  work  of  a  signal  corps  now 
forms  an  essential  featnre  of  all  field  operations  in  the  time  of  war,  and 
the  history  of  t^is  corps  affords  numerous  instancesiwhere  the  informa- 
tion famished  the  commanding  general^  during  the  late  war  determined 
the  saccess  of  the  campaign.  It  is  no  longer  a  question  that  the  best 
signal  corps  should  form  a  jiart  of  every  well-organized  army.  Foreign 
powers  have  recognized  the  importance  of  this  subject,  and  during  peace 
these  corps  are  employed  in  making  careful  experiments,  with  a  view 
of  improving  the  methods  of  communicating  by  visual  signals,  and  in 
the  mode  of  operating  field  telegraph  trains. 

One  of  the  chief  advantages  of  maintaining  Fort  Myer  as  a  school  of 
instruction  has  been  that  men  were  being  constantly  instructed  in  mili- 
tary signaling,  and  although  these  men  may  not  remain  in  the  public 
service  they  are  fully  qualified  to  enter  the  military  service  as  officers 
in  case  of  war. 

The  Division  of  Military  Signaling,  which  was  established  last  year 
under  the  charge  of  an  officer,  has  been  continued,  and  many  improve- 
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ments  have  resalted  from  the  special  attention  given  to  this  subject 
A  new  field  telegraph  train  has  been  partially  constructed,  the  wagons 
of  which  are  smaller  and  lighter  than  those  now  used  by  the  Signal 
Corps,  and  are  therefore  better  adapte<l  to  the  rough  roads  of  this 
country.  The  heliograph  has  been  improved  after  careful  experiments. 
A  new  signal  kit  has  been  devised  and  is  now  undergoing  practical 
tests;  it  is  believed  that  the  improvement  in  the  torch  of  this  kit  will 
prove  specially  serviceable.  A  new  signal  code  has  been  prepared  and 
adopted  for  universal  use  in  the  Army  and  Navy.  A  new  manual  of 
signals  has  also  been  prepared  and  will  be  ready  for  publication  as  soon 
as  the  reports  relative  to  the  tests  now  being  made  of  the  new  signal 
apparatus  have  been  examined. 

Thirty  carefully  selected  men  were  enlisted  by  the  oflScer  in  charge 
of  this  division,  and  stationed  at  Fort  Myer.  A  thorough  course  of  in- 
struction wa^  commenced  for  the  purpose  of  supplying  a  number  of  men 
expert  in  all  kinds  of  signaling,  and  having  them  ready  at  a  moment's 
notice  for  field  work.  At  the  opening  of  the  Indian  campaign  in  Arizona 
I  received  urgent  telegraphic  requests  from  General  Miles  for  men  ex- 
pert in  the  use  of  the  heliograph,  and  I  was  enabled  to  promptly  send 
three  small  detachments  into  the  field  to  aid  in  this  important  campaign, 
and  I  am  informed  that  these  men  rendered  valuable  service,  and  invite 
attention  to  the  following  extract  from  the  annual  report  of  Oen.  Nelson 
A.  Miles,  commanding  that  department : 

Early  in  Apiil  I  decided  to  make  prominent  use  of  the  Signal  Service,  and  so  noti- 
fied the  Chief  Signal  Officer  of  that  Barean,  and  in  answer  to  my  reqnest  he  fnmished 
me  ample  men  and  appliances  for  making  that  serviee  most  nsoful  and  effective.  The 
reports  of  Lieutenants  Drave  and  Faller  show  the  working:  of  the  most  interesting 
and  valnable  heliograph  system  that  has  ever  been  established.  I  have  made  this 
service  useful  heretofore,  and  it  would  be  found  valuable  in  auv  Indian  or  foreign  war. 

These  officers  and  the  intelligent  men  under  them  have  maae  good  use  of  the  mod- 
ern scientific  appliances,  and  are  entitled  to  much  credit  for  their  important  service. 

Referring  to  the  surrender  of  the  chief,  ^Natchez,  General  Miles 
reports : 

They  found  troops  in  every  valley,  and  when  they  saw  heliographio  communica- 
tions dashing  across  every  mountain  range  Geronimo  and  others  (who  had  already 
surrendered)  sent  word  to  Natchez  that  he  had  better  come  in  at  once  and  surrender. 

The  organizations  of  signal  corps  of  foreign  armies  have  been  studied 
and  several  translations  bearing  upon  military  signaling  made  for  the 
purpose  of  improving  our  own  service.  A  complete  report  of  the  officer 
who  has  had  charge  of  the  Division  of  Military  Signaling  will  be  found 
in  an  appendix. 

I  am  convinced  that  thorough  instruction  cannot  be  given  at  any 
post  in  the  Army  where  signaling  is  not  the  chief  feature  of  instruc- 
tion. Signal  apparatus  and  a  field  train  fully  equipped  and  horsed  ready 
for  active  service  should  be  maintained  for  practice  and  experiment, 
and  I  earnestly  recommend  that  the  full  force  of  the  Signal  Corps  au- 
thorized by  law  be  maintained,  and  that  of  this  force  a  company  of  at 
least  three  ofScers  and  fifty  men  be  stationed  at  Fort  Myer,  or  at  some 
other  military  post,  and  provided  with  a  section  of  fully  equipped  field- 
telegraph  train,  for  instruction  and  experiment. 

Ttirough  the  action  of  the  Joint  Commission  of  Congress  the  school 
of  iustruction  in  meteorological  duties  and  military  signaling  at  Fort 
Myer  is  closed,  and  the  Signal  Service  has  ceased  to  exercise  control 
over  that  post.  I  am  of  the  opinion  that  this  was  done  under  a  mis- 
conception of  the  fact^;  and  I  am  confident  that  it  is  in  conflict  with 
the  best  interests  of  the  Qovernment.    By  the  terms  of  the  resolution 
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the  Commission  was  to  recommend  as  to  '^  economy  and  efficiency,'' 
and  it  is  presumed  that  action  was  taken  upon  what  was  suppose<l 
would  effect  these  ends.  It  was  said  on  the  floor  of  the  Senate  that  Fort 
Myer  was  ''  rather  an  expensive  place,"  when  in  fact  it  was  the  most 
inexpensive  feature  of  the  Signal  Service,  and  a  source  of  actual  saving 
of  many  thousand  dollars  annually  to  the  United  States. 

The  maintenance  of  that  i)ost,  under  the  broad  sense  of  cost,  will  be 
presumably  the  same  in  either  case.  The  fifty  men  f  which  is  less  than 
the  average  that  has  been  kept  there  the  past  twelve  years,  a  small 
per  cent,  at  the  depot  of  instruction  at  any  military  establishment) 
cost  no  more  than  common  soldiers  anywhere,  or  $15,000  a  year,  at 
•$300  each.  But  now  these  men  at  once  receive  commutation  for  fuel, 
food,  and  quarters,  indispensable  allowances  when  soldiers  are  not  at 
a  military  post,  amounting  on  an  average  to  $812  a  year  each,  or  $40,600 
before  they  have  learned  their  duties  or  can  return  any  service  to  offset 
this  cost.  Besides,  by  entering  in  classes  semi-annually,  as  formerly, 
the  average  strength  ^of  the  Corps  was  485,  saving  $12,180,  making  a 
total  in  these  two  items  alone  of  $37,780.  There  were  other  items  of 
several  thoasand  dollars  a  year  saved  by  the  old  plan,  which  cannot  be 
done  DOW. 

To  offset  this,  the  Commission  reduced  the  Corps  thirty  men,  equal- 
ing in  money  $24,360.  Thus,  while  depriving  the  service  of  thirty  men, 
it  really  added  $18,360  to  the  cost  of  the  service;  which  fact  I  endeav- 
ored to  explain  to  the  Commission. 

Fort  Myer  was  a  place  of  probation,  where,  without  expense,  men  who 
were  unfit  for  the  service,  as  many  who  offer  themselves  are,  were  weeded 
out  and  discharged.  Now  this  cannot  be  done  until  much  money  has 
been  spent  upon  them,  and  the  service  impaired  by  bad  work  and  con^ 
duct.  Nor  is  it  understood  how  men  entering  upon  this  vocation  with- 
out preparation  are  as  efficient  as  when  that  preparation  is  complete, 
as  was  the  case  here.  The  present  plan  must  inevitably  bring  into  tlie 
service  many  men  not  tit  for  it,  and  this  fact  cannot  be  learned  until 
much  time  and  money  are  lost  and  the  service  impaired.  I.  had  sup- 
posed these  considerations  would  control  the  action  of  the  Commission, 
but  it  could  not  have  fully  understood  the  subject. 

I  found  Fort  Myer  in  a  wretched  condition  of  dilapidation  and  decay, 
and  with  the  five  years  of  attentive  work  which  I  had  giv^en  it  (without 
calling  upon  the  Government  for  money,  mainly  by  a  systematic  use  of 
freedmen's  labor  for  rents)  it  was  fast  becoming  a  beautiful  and  valu- 
able suburb  of  the  capital.  I  therefore  exceedingly  regret  that  this 
work  must  now  largely  go  to  waste  on  account  of  the  great  difficulty 
in  keeping  it  in  order,  because  of  its  uneven  site,  easily  washed  by 
rains,  and  the  want  of  facilities  in  a  line  command,  unless,  as  I  hope. 
Congress,  whiQh  I  believe  acted  from  a  misconception  of  the  facts,  will 
recede  from  its  action  before  the  harm  to  the  post  and  the  Signal  Serv- 
ice is  beyond  remedy. 

The  action  of  this  Commission  tends  to  stop  instruction  in  military 
signaling  also ;  and  it  was  said  upon  the  floor  of  the  Senate  that  this 
action  was  based  upon  the  testimony  of  the  Lieutenant-Oeneral,  that 
the  Army  was  doing  ^his  sufficiently  well  without  the  Signal  Corps,  and 
it  was  said  in  debate  that  the  unanimous  testimony  supported  this 
view.  This  was  either  erroneously  stated,  or  the  testimony  was  not 
exhaustive. 

I  believe  this  action  was  taken  also  upon  a  misconception,  and  it  is 
opposed  to  the  military  spirit  of  the  times.  My  opinion  is  based  upon 
the  fact  that  the  practice  of  signaling  in  the  Army  had  run  into 


8  REPORT   OF   THE   CHIEF   SIGNAL   OFFICER. 

neglect^  until  required  to  be  resumed  by  a  recent  order  asked  for  by 
the  Chief  Signal  OfKcer,  and  upon  the  fact  that  General  Miles  and 
other  commanders  in  the  field  earnestly  called  for  and  received  detach- 
ments of  Signal  Service  men  for  signal  duty  because  the  line  of  the 
Army  could  not  furnish  them,  and  also  because  good  military  service 
requires  specialized  duties,  and  that  all  other  g<K>d  armies  specialize 
this  work.  The  use  of  the  telegraph,  the  heliograph,  and  other  compli- 
cated instruments,  and  the  running  of  telegraph  lines,  require  too 
great  experience  to  be  acquired  by  any  but  those  specially  trained  for 
it  The  value  of  a  staff  of^cer  well  versed  in  the  use  of  these  instru- 
ments, who  can  at  any  time  cut  in  upon  the  line  of  telegraph,  may  be 
of  incalculable  value. 

This  reference  was  necessary,  since  the  law,  both  presumably  and  by 
mandate,  makes  the  Chief  Signal  Officer  responsible  for  the  efficiency 
of  this  branch  of  the  military  service,  and  it  would  seem  that  this  ac- 
tion is  not  in  harmony  with  that  fact,  but  has  largely  deprived  him  of 
the  facilities  for  doing  what  the  law  requires. 

The  instruction  of  officers  charged  with  the  preparation  of  weather 
predictions,  the  announcement  of  approaching  frosts,  and  the  order- 
ing of  storm  signals  now  embraces  a  course  of  study  under  the  most 
distinguished  professors  of  meteorology  in  this  country. 

The  course  of  instruction  in  military  surveying  and  field  sketching 
was  included  with  the  above  with  a  view  of  increasing  the  efficiency 
of  the  signal  officers  in  field  work  in  time  of  war.  Seven  second  lieu- 
tenants of  the  Signal  Corps  have  pursued  the  course  during  the  year. 
There  are  officers  of  the  line  now  serving  as  Acting  Signal  Officers, 
who  have  been  connected  with  the  service  for  years,  who  have  done  a 
greater  portion  of  the  work  which  makes  the  service  a  necessity,  and 
who  ought  to  be  retained  in  the  service. 

The  Joint  Commission  of  Congress  said  of  them  in  its  report: 

The  Commission  also  believe  that  the  Army  officers  *  *  *  have  also  been  of  very 
creat  service  in  the  past,  and  that  their  knowledge  and  experience  shonld  be  utilized 
in  the  fatnre,  as  to  them  is  largely  due  the  credit  of  building  up  the  service  to  it« 
present  degree  of  nselalness. 

Congress,  recognizing  the  importance  of  retaining  these  officers  of 
long  experience  permanently  with  the  corps,  enacted  as  follows : 

And  the  Secretary  of  War  is  authorized  in  his  discretion  to  detail  for  the  service 
in  the  Signal  Corps  not  to  exceed  five  conunissioned  officers  of  the  Army. 

It  is  important  to  the  service  that  these  officers  should  feel  the  degree 
of  permanency  indicated  by  the  Commission. 

The  study  of  popular  meteorology  ha«  been  greatly  stimulated  by  the 
work  of  the  Signal  Service  and  the  popular  interest  in  this  subject  which 
is  increasing,  owing  to  the  wider  distribution  of  the  daily  weather  fore- 
ca'Sts  of  this  service,  has  induced  many  colleges  and  schools  to  add  a 
course  in  meteorology  as  a  part  of  the  regular  course  of  instruction.  To 
meet  the  demands  for  a  text-book,  I  directed  Prof.  William  Ferrel,  As- 
sistant, to  prepare  a  work  which  would  serve  as  a  text-book  for  advanced 
students  of  meteorology.  This  treatise  has  been  printed  and  will  soon 
be  ready  for  issue.  It  contains  the  most  appropriate  and  important  of 
the  various  papers  of  original  research  on  meteorology. 

The  object  of  this  work  has  been-to  select  from  the  material  on  hand 
some  of  the  more  important  principles,  methods,  and  results  arrived  at 
mostly  during  the  last  quarter  of  a  century,  and  to  present  them  in 
the  form  of  a  text  book  for  use  in  the  meteorological  work  of  the  Signal 
Service. 
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A  knowledge  not  ODly  of  correct  priociples  and  the  best  methods,  bat 
also  of  what  has  already  been  done,  is  of  great  importance  to  any  one 
who  would  engage  in  any  line  of  meteorological  work,  and  especially 
of  original  research.  Many  very  important  laws  have  recently  been 
deduced  theoretically  and  confirmed  by  observations  and  experiment. 
Solar  and  terrestrial  radiation,  the  conditions  determining  temperature, 
the  relations  between  the  amount  of  solar  heat  received  by  different  parts 
of  the  earth's  surface  and  the  corresponding  restating  temperature,  the 
effect  of  the  deflecting  forces  of  the  earth's  rotation  on  the  mechanics  of 
the  atmosphere,  and  the  theory  of  the  general  motion  of  the  atmosphere, 
and  of  cyclones,  tornadoes,  &c.,  are  subjects  which  have  recently  received 
much  attention. 

The  Signal  Service  has  been  specially  fortunate  in  securing  the  service 
of  one  so  thoroughly  qualified  to  prepare  this  valuable  work,  and  its 
pablication  will  materially  aid  the  work  of  this  service.  An  extended 
series  of  observations  has  been  taken  at  various  altitudes  with  a  view 
of  revising  and  correcting  the  hygrometrio  tables.  These  observations 
have  been  examined  and  new  tables  computed  for  the  use  of  this  service. 
Professor  Ferrel's  report  on  this  subject  is-given  in  an  appendix. 

A  new  system  of  tables  for  the  reduction  of  the  barometer  to  sea-level 
has  also  been  prepared  by  Professor  Ferrel,  whose  able  discussion  of 
this  important  subject  forms  a  part  of  this  report. 

The  work  of  preparing  a  treatise  upon  the  whole  subject  of  meteor- 
ology and  on  the  theory  of  instruments  used  in  meteorology,  by  Prof. 
Cleveland  Abbe,  Assistant,  is  in  fair  progress,  and  it  is  hoped  that  it 
will  be  ready  for  publication  within  the  year.  When  this  work  is  com- 
pleted it  will  serve  as  a  popular  tex^book  for  students  of  meteorology. 

Several  translations,  giving  the  most  recent  and  reliable  results  bear- 
ing upon  the  science  of  meteorology,  have  been  completed,  and  some 
means  should  be  provided  which  would  enable  this  service  to  republish 
the  more  important  of  these. . 

The  plan  of  securing  as  observers  young  men  qualified  by  education 
for  the  pursuit  of  scientific  studies,  and  thus  raising  the  standard  of 
the  enlisted  force  of  the  Signal  Corps,  has  now  been  in  operation  five 
years,  and  of  the  three  hundred  and  seventy-eight  enlistments  made 
during  that  time,  ninety-sevep  were  college  graduates ;  and  it  has  proved 
of  benefit  to  the  service. 

INDICATIONS. 

The  weather  forecasts  and  cold-^ave  and  storm  warnings  have  been 
regularly  issued  during  the  year,  and  the  increasing  demand  for  these 
forecasts  may  be  taken  as  evidence  of  their  value.  The  ofSce  is  unable 
to  comply  with  the  numerous  requests  received  from  cities,  towns,  and 
corporations  for  the  special  warnings,  owing  to  the  limited  appropria- 
tion for  this  branch  of  the  service.  The  manner  of  making  these  pre- 
dictions has  been  improved  by  substituting  the  names  of  States  in  place 
of  the  names  of  arbitrary  districts  previously  used  by  this  service.  This 
plan  removes  all  doubt  as  to  the  territory  to  which  the  prediction  ap- 
plies. 

The  forecasts  prepared  at  1  a.  m.  are  telegraphed  by  special  message 
to  the  principal  centers  of  population,  to  the  directors  of  State  weather 
services,  and  to  various  lines  of  railroads,  for  the  information  of  the 
public.  Signals  have  been  devised  for  the  purpose  of  extending  the 
information  thus  conveyed,  and  a  large  percentage  of  the  population 
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are  enabled  to  obtain  the  indications  through  these  visual  signals. 
When  practicable,  at  midnight  the  Indications  Officer  is  requireil  to 
make  special  weather  forecasts  for  selected  States  applicable  to  the  sac- 
ceeding  forty-eight  hours. 

In  addition  to  the  regular  indications,  which  are  issued  tri-daily,  a 
special  bulletin  is  issued  whenever  the  conditions  indicate  changes  in 
any  section  of  the  country  which  should  receive  especial  mention.  This 
bulletin  contains  warnings  of  approaching  frosts,  cold  waves,  dangerous 
floods,  and  the  movement  of  well-defined  storms,  and  the  officer  who 
prepares  this  bulletin  is  directed  to  telegraph  to  ail  Signal  Service  sta- 
tions in  the  threatened  regions,  and  the  observers  receiving  such  dis- 
patches are  directed  to  give  still  wider  distribution  by  using  every  means 
by  which  they  may  reach  the  general  public.  Special  bulletins  are  also 
issued  on  the  iirst  of  each  month,  containing  a  general  statement  as  to 
the  mean  temperature  and  total  precipitation  of  the  month  just  closed, 
together  with  brief  descriptions  of  damaging  frosts,  severe  storms,  &c., 
which  may  have  occurred.  The  information  thus  i)romptly  furnished 
is  utilized  by  those  interested  in  agriculture  and  the  grain  trade,  and  it 
contains  official  information  as  to  the  weather  conditions  which  have 
existed  during  the  month  in  all  sections  of  the  country. 

Indications  have  been  issued  from  San  Francisco  during  the  year  for 
the  States  on  the  Pacific  coast  with  a  view  of  giving  the  people  living 
on  that  coast  the  full  benefits  of  the  service.  This  is  of  great  value  to 
many  special  interests.  Cautionary  signals  have  been  established, 
special  monthly  bulletins  issued,  and  meteorological  data  of  interest  to 
the  people  of  the  Pacific  coast  have  been  collected  and  disseminated. 

The  instructions  governing  the  work  in  the  Indications  Division  have 
been  revised,  and  new  and  more  rigid  rules  for  determining  the  percent- 
age of  accuracy  of  the  imdications  have  been  adopted,  and  the  use  of 
ambiguous  language  in  the  indications  prohibited.  A  copy  of  these 
instructions  and  rules  will  be  found  in  an  appendix. 

The  weather  indications  and  storm  warnings  of  this  service  would 
become  more  valuable  if  regular  stations  were  established  in  the  West 
Indies,  and  the  number  of  stations  increased  in  the  West  and  in  British 
America.  Eeports  received  from  the  sea-coast  telegraph  lines,  in  some 
cases,  are  of  special  value  in  the  issue  of  storm  warnings  and  securing 
aid  for  stranded  vessels.  Valuable  cargoes  have  been  saved  and  sailors 
rescued  by  the  prompt  information  communicated  over  this  line  by  Sig- 
nal Service  observers,  and  it  should  not  only  be  maintained  but  ex- 
tended along  the  more  dangerous  portions  of  the  coust. 

The  following  tables  show  the  percentage  of  accuracy  of  the  indica- 
tions during  the  year.  Each  forecast  of  the  several  meteorological  ele- 
ments is  carefully  compared  by  the  Indications  Board  with  the  weather 
conditions  actually  reported  during  the  time  for  which  the  weather  fore- 
casts were  made : 
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Percentage  of  verifioatione  of  indicaiione  for  each  manih  of  the  year  ending  June  30,  1886. 


Year  and  month. 


1885. 

July 

Angnst 

Se^mber 

October 

Norember 

December 

1686. 

Jannary 

February 

March 

April 

May 

June 

Same 


& 

4$ 

u 

s 

o 

*: 

^ 

1 

1 

g 

1 

1 
i 

fli 

^ 

& 

-: 

Percent. 

Per  eent 

Per  entt. 

Percent. 

Percent 

78.56 

74.59 

78.86 

82.78 

77.44 

79.84 

70.30 

80.00 

87.08 

76.00 

86.61 

75.52 

77.22 

81.  51 

70.05 

84.53 

77.11 

7ar>6 

81.59 

70.60 

83.19 

75.77 

76.03 

84.83 

70.08 

85.24 

77.99 

76.70 

87.94 

80.03 

83.06 

70.45 

76.65 

77.34 

79.41 

86.85 

80.10 

82.27 

82.73 

83.04 

79.04 

74.22 

74.91 

84.67 

76.25 

83.71 

8U.21 

7.'».82 

7&90 

79.87 

79.05 

75.99 

72.80 

75.53 

76.10 

77.71 

67.66 

73.86 

73.07 

087.30 

908.91 

022.67 

902.89 

941.73 

82.28 

75.74 

76.80 

92.04 

78.48 

The  above  table  has  been  compated  for  the  several  elements  and  not 
for  the  geographical  districts,  as  the  forecasts  were  prepared  for  the 
individaal  States  daring  the  latter  portion  of  the  year.  ^ 

The  display  of  storm  signals  for  the  benefit  of  marine  interests  has 
been  continned  daring  the  year,  with  excellent  resalts.  With  a  view 
of  improving  this  featare  of  the  Signal  Service  I  directed  a  careful 
examination  to  be  made  of  the  system  of  storm  signals  of  this  service, 
and  this  investigation  resulted  in  a  new  system  of  cautionary  signals 
which  went  into  operation  May  1,  1886.  A  complete  report  giving  the 
details  of  this  new  system  of  signals  is  inclosed. 

The  following  table  shows  the  number  of  storm  signals  ordered  dar- 
ing the  year  ending  June  30,  1886 : 

Cautionary  Hgnala  displayed  during  the  year  ending  June  30,  1886. 


Signals  of  aU  kinds. 

Tear  and  month. 

Knmber 
ordered. 

Knmber 
Jnstifled. 

Per  cent 
justified. 

1885. 
Joly 

75 
120 
177 
152 
276 
232 

190 
199 
162 
152 
52 

38 
76 

it 

198 
207 

155 

179 

137 

84 

91 

60.7 

A  nsnat x .  ^ .  ^ ,      *  ^       a  ^ 

63.3 

Seplembiw 

72.9 

October 

86.2 

NoTember 

71.7 

December 

98.2 

1886. 
January 

81.6 

February 

90.0 

March.: 

84.0 

April 

55.8 

May : :::::::::::::::;:;:::::::::::::: 

46.2 

June „ 

59               11 

20.8 

Total 

1.846  '        1  SriQ 

74.2 
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COLD-WAVE  SIGNALS. 

A  fall  description  of  this  signal  and  the  principal  featares  of  the 
system  of  cold-wave  warnings  of  this  service  were  published  in  my  last 
annual  report. 

The  progress  made  in  this  important  branch  of  meteorological  work 
has  been  highly  satisfactory,  not  only  as  regards  the  accuracy  of  pre- 
dictions but  also  in  the  greatly  increased  facilities  for  disseminating  the 
warnings  of  the  approach  of  cold  waves. 

The  interest  manifested  by  the  general  public,  and  the  expense  in- 
curred by  a  large  number  of  citizens  in  the  purchase  and  proper  dis- 
play of  cold-wave  signal  flags,  sufficiently  attest  the  value  and  im- 
portance of  the  system,  and,  judging  from  the  reports  made  by  observ- 
ers during  the  year.  I  am  convinced  that  property  to  the  value  of  many 
millions  of  dollars  nas  been  saved  through  the  agency  of  this  service. 

When  it  is  expected  that  the  temperature  will  fall  suddenly  fifteen 
to  thirty  degrees,  or  more,  in  any  section  of  the  country,  the  cold-wave 
warning  is  immediately  telegraphed  to  selected  stations  of  the  Signid 
Service  from  twenty-four  to  forty -eight  hours  in  advance,  at  which  the 
cold-wave  flags  are  immediately  hoisted,  in  order  that  the  public  may 
be  fully  informed.  The  information  is  then  sent  by  telephone  and  tele- 
graph, whenever  practicable,  to  all  towns  and  railroad  stations  in  the 
vicinitiy  of  the  Signal  Service  stations  displaying  the  signals. 

Cold-wave  signals*are  not  ordered  unless  a  temperature  of  forty-five 
degrees  or  less  is  expected.  When  the  temperature  is  expected  to  fall 
twenty  degrees,  or  more,  in  any  district,  and  not  reach  forty-five  de- 
grees, announcement  of  cool  wave  approaching  is  made  in  the  ^^  Indica- 
tions," but  no  signals  are  displayed. 

Cold- wave  warnings  issued  during  January  of  this  year  were  espe- 
cially valuable  in  all  sections  of  the  country.  Many  individual  reports 
have  been  received  containing  estimated  vaUie  of  the  property  saved 
through  these  warnings.  I  have  received  many  applications  for  exten- 
sion of  this  system  for  the  protection  of  perishable  goods  and  the  sugar 
and  fruit  regions  of  the  South.  The  cold-wave  signal  is  now  displayed^ 
by  orders  from  the  central  office,  at  two  hundred  and  ninety  cities  and 
towns  in  the  United  States  and  from  these  points  distributed  by  tele- 
phone and  railways  to  about  twenty  thousand  stations. 

The  special  report  upon  this  subject,  which  will  be  found  in  Appendix 
No.  5,  contains  the  detailed  statement  of  the  display  of  these  signals  at 
each  station,  with  the  resulting  benefits.  There  is  no  feature  of  the 
service  which  has  proven  more  valuable,  and  the  system  should  be  ex- 
tended to  every  town  in  the  United  States,  and  also  to  stock  agricult- 
ural districts  where  practicable.  Many  citizens  have  signified  their 
willingness  to  purchase  flags  and  display  them  at  their  own  expense, 
provided  the  Signal  Service  would  telegraph  the  warnings.  I  recom- 
mend that  the  sum  of  $5,000,  to  be  expended  for  the  extension  of  this 
system,  be  added  to  the  estimates  for  the  fiscal  year  ending  June  30, 
1887,  and  in  my  judgment  there  is  no  appropriation  which  would  be 
more  acceptable  to  the  people. 

The  following  table  shows  the  number  of  cold-wave  signals  displayed, 
with  the  number  and  percentage  justified  • 
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Percentage  of  vtrificaiion  of  oold-wave  eignaU  for  monthe  in  the  year,  when  (Key  were 

neoeeearyy  ending  June  30,  18e^. 


Year  and  month. 

Number 
displayed. 

Number 
jastlfled. 

Percent. 

Jnntifled. 

October 

1885. 

03 
150 
149 

326 

268 

79 

72 
126 
139 

268 

247 

59 

77.4 

NoTember 

84.0 

x^eceBBuer  .••••••• 

03.8 

iTannary 

188a. 

82.2 

FebmAry .  - .........  r 

92.1 

J&sroli  ..•••..__... 

77.2 

Total 

1«065 

911 

85l5 

Of  the  1,065  cold-wave  signals  displayed  daring  the  year,  911,  or 
85.5  per  cent.,  were  jastified. 

The  work  in  this  important  division  requires  special  study  and  expe- 
rience to  insure  the  best  results,  and  the  allssistants  who  make  the 
weather  forecasts  of  this  service  should  devote  their  whole  time  to  the 
study  of  meteorology,  and  especially  to  the  study  of  the  tri-daily  charts. 
This  I  expect  soon  to  require. 

STATIONS. 

The  number  of  stations  in  operation  June  30, 1886,  in  the  United 
States,  was  452.  These  include  the  telegraph  stations,  display,  special 
river,  cotton  region,  sunset,  and  12  repair  stations.  In  addition,  reports 
are  received  from  24  Canadian  stations,  by  the  co-operation  of  the  Ca- 
nadian Meterological  Service.  Telegraphic  reports  are  received  at  this 
office,  daily,  from  160  stations. 

During  the  year  four  full  reporting  stations  have  been  established 
and  eleven  discontinued.  In  addition  to  reports  received  from  regular 
stations,  288  voluntary  observers  and  Army  surgeons  at  65  military 
posts  have  furnished  monthly  reports  which  have  been  used  in  prepar- 
ing the  current  publications  of  this  office.  The  office  has  continued  to 
co-operate  with  foreign  observers  in  collecting  simultaneous  meteoro- 
logical reports,  and  in  this  work  reports  have  been  received  from  294 
foreign  stations  and  6L6  naval  and  merchant  marine  vessels. 

The  reports  received  from  stations  have  been  carefully  compared  and 
tabulated  for  publication.  The  tables  accompanying  this  report  have 
been  so  arranged  as  to  present  a  complete  history  of  the  meteorologi- 
cal conditions  of  the  year.  The  weather,  temperature,  and  rainfall  for 
each  month  of  the  current  year  will  be  found  useful  in  the  study  of 
climatology.  In  compliance  with  your  instructions,  I  have  had  the 
tables  of  meteorological  data  usually  published  as  part  of  the  annual 
report  of  this  Bureau  carefully  examined,  and  from  this  report  I  have 
excluded  all  data  which  is  not  specially  useful  to  the  public.  Numer- 
ous tables  previously  published  have  been  omitted  and  others  con- 
densed, so  that  this  feature  of  the  report  will  not  require  more  than  one- 
half  the  usual  space  given  to  meteorological  data. 

WEATHER  SIGNAI-S. 

The  system  of  flags  to  indicate  the  probable  conditions  of  weather 
and  temperature  recently  adopted  by  this  service  has  been  universally 
commended  by  the  public,  and  the  region  over  which  they  are  dis 
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played  has  greatly  increased  dariog  the  year,  and  the  office,  for 
want  of  fands,  has  not  been  able  to  supply  the  demands.  These  flags 
are  extensively  displayed  on  lines  of  railroads  and  at;  railroad  stations, 
and  communicate  by  signal  the  weather  forecasts  of  this  service  to 
many  who  are  not  within  reach  of  the  daily  mail  and  to  those  who  are 
not  supplied  with  the  printed  indications. 

Being  desirous  of  ascertaining  the  opinion  of  the  general  public  as 
to  the  value  of  this  service,  I  addressed  a  circular  letter  to  those  in 
charge  of  the  display  of  these  signals  at  various  points,  requesting  that 
they  report  to  what  extent  they  give  satisfaction.  More  than  two 
hundred  and  fifty  replies  were  received,  commending  in  the  highest 
terms  this  new  feature  of  the  Signal  Service,  which  gives  to  many  cities 
and  towns  the  advantages  of  a  signal-service  station  without  expense 
to  the  Government.  These  are  volunteer  stations,  and  the  flags  are 
purchased  by  individuals,  and  a  single  telegram,  costing  not  more  than 
twenty-five  cents,  may  serve  to  give  the  weather  indications  to  many 
stations.  For  example,  the  State  Weather  Service  of  Alabama  dis- 
tributes the  weather  indications  of  this  service  to  upwards  of  four  hun- 
dred stations  in  that  and  adjoining  States  at  an  expense  of  not  more 
than  two  dollars  per  day.  This  economical  distribution  of  the  warn- 
ings is  due  to  the  generous  co-operation  of  the  several  lines  of  rail- 
roads within  that  region.  These  stations  are  also  supplied  with  cold- 
wave  flags  and  receive  the  warnings  from  this  office  in  like  manner. 

In  addition  to  the  system  of  flag-signals,  a  system  of  symbols  is  used 
by  a  number  of  railroad  companies,  these  symbols  being  displayed  on 
moving  trains.  The  introduction  of  the  signals  and  the  rapid  progress 
made  during  the  year  in  establishing  points  of  display  indicate  the 
rapid  extension  of  the  benefits  of  the  Weather  Bureau,  and  I  am  con- 
fident that  its  value  to  the  country  may  be  largely  increased  by  further 
extension  of  the  facilities  for  distributing  the  weather  forecasts  made 
by  this  office.  The  commercial  and  agricultural  interests  may  receive 
greater  benefits  by  increasing  these  stations.  The  service  should  be 
prepared  to  furnish  flags  and  transmit  daily  telegrams  to  all  important 
towns  requesting  the  weather  forecasts;  and  I  recommend  that  $10,000 
be  added  to  the  estimates  for  the  fiscal  year  ending  June  30, 1888,  for 
this  purpose. 

FLOOD    WARNINGS. 

« 

The  work  of  watching,  recording,  and  giving  timely  warning,  by 
telegraph,  of  the  rise  and  fall  of  rivers  is  an  important  feature  of  this 
service.  During  the  past  year  I  have  reorganized  and  extended  this 
system  of  reports ;  new  river  gauges  have  been  supplied  and  the  dan- 
ger lines  more  definitely  determined.  The  daily  reports  of  the  condi- 
tion of  rivers,  telegraphed  to  this  office,  ere  carefully  examined  by  the 
indications  officer,  and  these  reports  (considered  in  connection  with  the 
amount  of  rainfall  occurring  in  any  section)  enable  him  to  closely  esti- 
mate the  change  likely  to  occur  in  the  stage  of  water  at  neighboring 
river  stations.  The  rate  of  movement  of  freshet  waves  in  rivers  upon 
which  stations  are  located  has  been  determined,  and  timely  warnings 
of  their  approach  are  given  to  the  threatened  districts  by  the  issue  of 
special  bulletins.  A  careful  estimate  shows  that  property  valued  at 
$128,000  was  saved  at  a  single  station  (Nashville,  Tennessee)  by  the 
flood  warnings  of  the  Signal  Service  on  the  Cumberland  Biver  during 
March  and  April  of  the  current  year.  The  expense  to  the  Government 
in  communicating  the  above  warnings  to  all  stations  of  that  system, 
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iDcladiug  pay  of  river  observers,  was  $27.80.    This  single  example 
illustrates  what  is  being  done  in  the  whole  system. 

These  reports  are  not  only  valuable  in  times  of  flood,  but  they  also 
serve  a  most  valuable  purpose  in  times  of  low  water,  enabling  shippers 
to  direct  the  movements  of  their  vessels  at  the  different  points  along 
the  river  course.  These  reports  are  serviceable  to  the  agricultural  and 
manufacturing  interests  in  the  river  valleys.  It  is  an  economical  serv- 
ice and  should  be  extended.  A  detailed  reimrt,  giving  the  organiza- 
tion of  the  river  system  and  the  value  of  the  reports  at  the  various  sta- 
tions, is  inclosed. 

BAILWAY-BULLETIN  SERVICE. 

This  system  continues  in  active  operation,  and  its  increasing  popu- 
larity is  made  manifest  through  reports  from  railroad  stations  at  which 
the  indications  are  posted  for  the  benefit  of  the  public. 

This  mode  of  disseminating  the  weather  predictions  is  most  highly 
appreciated  by  the  agricaltural  interests  in  sections  traversed  by  co- 
operating railroads ;  farmers  consulting  the  bulletin  at  their  local  rail- 
way station,  to  be  guided  by  its  warnings  before  beginning  the  work  of 
the  day. 

The  indications  are  telegraphed  over  their  lines  by  co-operating  rail- 
road companies  each  morning,  without  expense  to  the  United  States, 
and  posted  at  1^349  stations  throughout  the  country.  A  few  telegraph 
and  telephone  hues  have  within  the  past  year  taken  up  this  system  of 
distribution  of  the  indications,  and  reports  from  their  officials  show  that 
the  success  of  the  undertaking  is  much  beyond  their  expectations. . 

A  list  of  railroads  and  telegraph  and  telephone  lines  cooperating  in 
this  work  will  be  found  in  an  appendix. 

BBPORTS  FOB  THE  BENEFIT  OF  THE  COTTON  INTEBESTS. 

This  system,  which  has  now  been  in  operation  Ave  years,  has  been 
continued  under  many  disadvantages,  owing  to  the  small  appropriation 
made  for  this  work.  It  was  inaugurated  at  the  earnest  solicitation  of 
many  prominent  citizens  of  the  South,  especially  the  cotton-growers 
and  those  interested  in  the  sale  of  this  important  staple,  as  an  experi- 
ment. This  service  has  never  been  able  to  establish  the  necessary 
number  of  stations  over  the  wide  area  of  country  where  this  crop  is 
grown  to  insure  the  best  results,  nor  has  there  been  sufficient  money 
appropriated  by  Congress  to  pay  for  telegraphing  the  observations,  and 
therefore'the  service  still  relies  upon  the  generosity  of  various  railroad 
and  telegraph  companies  for  the  free  transmission  of  the  messages. 
This  free  service  was  only  promised  long  enough  to  test  it,  a  period  long 
since  expired. 

The  pay  of  the  special  observers  employed  is  so  small  as  to  offer  no 
inducement  for  prompt  and  reliable  work.  This  service  is  of  so  much 
importance  to  those  specially  interested  that  a  demand  should  be  made 
for  a  sufficient  appropriation  for  an  increased  pay  of  observers  and  for 
prompt  telegraph  work. 

The  cotton  crop  is  more  or  less  at  a  risk  during  at  least  nine  months 
of  the  year,  and  there  is  great  need  of  prompt,  accurate,  and  imppartial 
information  concerning  the  atmospheric  influences  and  changes  therein. 
Provision  has  been  made  for  the  maintenance  of  the  150  stations  during 
the  present  season  and  the  indispensable  payment  of  the  telegraph  tolls 
by  the  Government.  The  stations  have  also  been  inspected  by  observ- 
ers of  this  service  experienced  in  taking  observations.    Each  Inspector 


16 


REPORT  OF  THE  CHIEF   SIGNAL   OFFICER. 


was  directed  to  examine  the  location  of  instrainents  and  to  see  that  they 
were  properly  exposed.  It  has  been  my  effort  to  make  these  reports 
valuable  to  those  interested  in  the  cotton  crop,  and  if  they  are  continued 
daring  snccessive  years,  and  their  results  compared  with  the  cotton 
production  of  corresponding  years,  the  conditions  particularly  favorable 
or  unfavorable  may  be  determined  some  months  in  advance  of  the  time 
at  which  planters  are  at  present  enabled  to  estimate  the  value  of  the 
crop. 

TELEGRAPH  DIVISION. 

The  regular  tri-daily  weather  reports  in  cipher  were  received  during 
the  year  over  the  wires  of  the  Western  Union,  International  Ocean, 
Florida,  Gulf  Coast,  and  Northwestern  Telegraph  Companies,  and  the 
promptness  with  which  this  large  amount  of  telegraph  work  was  per- 
formed enables  me  to  report  that  the  Signal  Service  has  not  once  failed 
to  issue  its  regular  tri-daily  forecasts.  One  million  seven  hundred  and 
seventy-five  cipher  words  were  received  and  sent,  and  80,590  telegrams 
for  indications,  cautionary  signals,  cold  waves,  frost  wamings^  &c., 
were  sent  and  received  from  this  of&ce  during  the  year. 

UNITED  STATES  TELEGRAPH  LINES. 

At  the  opening  of  the  year  there  were  2,582  miles  of  military  telegraph 
lines  under  the  control  of  the  Chief  Signal  Officer,  wish  77  offices  at  or 
in  connection  with  military  posts  on  the  frontier,  and  these  lines  were 
operated,  with  few  exceptions,  by  the  enlisted  men  of  the  Signal  Corps. 
These  lines  were  distributed  among  the  several  military  departments, 
as  follows : 


Department  of  Dakota 

Depaitment  of  the  Misoonii 

Department  of  the  Columbia  and  Ctdifonila 

Department  of  Arizona 

Department  of  the  Platte 

Total 


2.582 


Beginning 
of  year. 

Ending 

of  year. 

MUes. 

Jfilet. 

893 

740 

682 

6:82 

512 

444 

510 

510 

85 

85 

2,361 


Three  hundred  and  three  miles  of  telegraph  line  were  al)andoned 
during  the  year.  Many  of  these  lines  are  located  on  the  frontier  where 
Indian  campaigns  are  likely  to  occur,  and  as  they  form  the  only  com- 
munication with  military  posts  they  should  be  continued  in  repair. 

The  total  receipts  from  tolls  for  commercial  messages  transmitted 
over  the  military  telegraph  lines  during  the  year  amounted  to  $13,184.84; 
in  addition  $22,324.31  were  collected  at  military  offices  as  tolls  due  com- 
mercial lines. 

These  telegraph  lines  are  important  factors  in  the  protection  of  the 
widely  extended  frontier,  especially  in  forming  lines  of  communication 
for  military  posts  over  which  information  may  be  immediately  sent  in 
cases  df  Indian  outbreaks.  Wherever  these  telegraph  lines  extend 
meteorological  stations  have  been  established,  and  by  this  means  sec- 
tions of  the  country  which  were  not  traversed  by  commercial  lines  have 
been  occupied  by  stations  of  observation. 
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The  stations  on  these  lines  have  formed  a  line  of  ontposts  for  the ' 
weather  service  of  the  country,  and  the  observations  thus  telegraphed 
have  been  of  great  value  to  the  service.  It  is  the  policy  of  this  office 
to  abandon  military  lines  as  soon  as  the  territory  becomes  accessible 
by  commercial  lines,  the  material  .of  the  abandoned  line  being  either 
sold  at  auction  or  utilized  in  the  construction  of  new  lines  at  other 
points. 

SEA-COAST  TELEGBAFH  LINES. 

These  lines  extend  along  the  Atlantic  coast,  in  sections,  from  near 
Boston  to  Gape  Fear  Eiver.  Their  purpose  is  to  enable  this  service  to 
secure  meteorological  reports  from  exposed  points  on  the  coast  at 
which  cautionary-signal  stations  might  communicate  warnings  of  dan- 
gerous storms  to  passing  vessels.  In  the  past  it  has  served  to  com- 
municate messages  which  secured  prompt  assistance  to  vessels  in 
distress,  and  many  lives  and  valuable  cargoes  were  saved  which,  but  for 
this  line,  would  have  been  lost.  It  constitutes  a  coastguard,  and  should 
not  only  be  continued  but  extended  along»  the  entire  Atlantic  coast. 
Such  a  completed  line  kept  in  good  repair  would  not  only  add  to  the 
efficiency  of  this  service  but  would  also  form  a  valuable  adjunct  to  the 
Life-saving  Service  in  the  performance  of  its  important  work.  The 
only  additional  sea-coast  line  constructed  during  the  year  was  that  con- 
necting the  island  of  l^antucket  with  the  mainland,  via  Martha's  Vine- 
yard and  sub-marine  cable,  23  miles  in  length,  and  38  miles  of  land 
line  extending  to  various  points  on  the  island. 

The  importance  of  this  system  of  lines  and  cables  is  evident  from  the 
amount  of  shipping  on  the  water  highway  of  Vineyard  Sound,  which 
bears  annually  from  35,000  to  42,000  sail  and  steam  vessels  engaged 
in  the  coast  trade.  The  Signal  Service  stations  at  Wood's  Holl,  Cot- 
tage City,  Edgartown,  and  Nantucket,  with  the  display  stations  at 
Cedar  Tree  Neck,  Sankaty  Head  light-house,  and  Gay  Head  light-house, 
when  the  latter  is  established,  will  furnish  full  and  complete  warnings 
of  storms,  high  winds,  and  the  general  features  of  the  weather  to  this 
great  moneyed  interest.  The  Signal  Service  is  held  in  high  esteem  by 
these  people,  and  they  desire  an  extension  of  the  benefits  arising  from 
the  same.  They  regard  with,  great  satisfaction  the  connection  of  the 
light-house  and  life-saving  station  at  Surf  Tide,  Nantucket,  by  telephone, 
with  the  telegraph  offices.  There  is  no  question  that  this  system  is  one 
of  the  most  valuable  operated  by  the  Government,  reaching,  as  it  does, 
a  highly  cultivated,  intelligent,  and  energetic  class  of  people,  and  every 
effort  will  be  made  to  place  intelligent  men  at  these  stations  and  make 
it  still  more  perfect  and  in  every  way  worthy  of  the  support  that  the 
I)eople  are  willing  to  give  it. 

FBOST  WABNINGS. 

The  system  of  special  frost  warnings  for  the  benefit  of  the  tobacco, 
cranberry,  sugar,  raisin,  and  fruit-growing  districts  was  continued  in 
operation  as  organized  in  1882. 

The  entire  frost- warning  system  now  embraces  twenty-seven  centers 
of  distribution  to  which  the  warnings  are  sent  from  this  office,  and 
eight  hundred  and  twenty-two  frost  stations  where  the  warnings  are 
bulletined  and  otherwise  disseminated  as  soon  as  received  from  the 
centers.  With  the  ready  and  efficient  co-operation  of  the  railroad 
and  telegraph  companies,  a  system  of  telegraphic  circuits  has  been  es- 
tablished for  each  center  by  means  of  which  the  warnings  can  be  dis- 
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*  tributed  with  the  least  possible  delay.  The  great  drawback  lies  in  the 
fjEict  that  rapid  distribation  is  necessarily  limited  to  points  at  or  near 
telegraph  stations,  bat  it  is  expected  that  with  the  growing  organiza- 
tion of  State  weather  services  a  more  general  distribation  of  these 
warnings,  by  signals  or  coarier,  will  be  gradaally  provided. 

The  tobacco-growing  districts  to  which  warnings  are  sent  are  loca- 
ted in  the  western  haj?  of  Massachasetts  and  the  State  of  Gonnecticat, 
a  portion  of  Soathem  New  York,  the  eastern  half  of  Pennsylvania, 
Central  Maryland  and  Virginia,  the  western  halves  of  North  Carolina 
and  Tennessee,  the  State  of  Kentucky,  Soathem  Ohio  and  Indiana, 
Eastern  Missoari,  and  the  soathem  part  of  central  Wisconsin. 

Cranberry  interests  are  protected  in  Central  Wisconsin,  in  Bamsta- 
ble  Coanty,  Massachasetts,  and  along  the  Camden  and  Atlantic  Sail- 
road  in  New  Jersey. 

Frost  warnings  for  the  benefit  of  sugar-growers  are  distributed  in 
Louisiana,  from  New  Orleans  as  a  center,  and  the  fruit-growers  of 
Florida  receive  warnings  from  Jacksonville  and  Sanford.  Special  mes- 
sages are  also  sent  from  this  office  to  points  m  North  Carolina,  Soath 
Carolina,  Tennessee,  and  Texas. 

Many  commendatory  reports  have  been  received  from  planters  and 
others  interested,  showing  that  this  frost- warning  service,  even  limited 
as  it' is,  is  of  tlie  highest  value  to  the  interests  they  are  intended  to 
protect.  The  expenses  are  trifling  compared  with  the  value  of  the  in- 
formation, being  limited  to  the  cost  of  telegrams  at  one-half  the  usual 
Government  rates  and  to  that  of  the  blanks  on  which  to  bulletin  the 
warnings. 

STATE  WEATHEB  SEBVIOES. 

The  plan  of  organizing  State  weather  services,  co-operating  with  the 
Signal  Service,  has  met  with  encouragement  during  the  year,  and  the 
evident  value  of  such  organizations  in  affording  means  for  the  rapid 
and  economical  distribution  of  the  weather  forecasts  and  frost  and  cold- 
wave  wamings  of  this  service  has  led  me  to  arrange  for  establishment 
of  similar  service  in  States  where  they  are  not  now  in  operation.  The 
object  of  these  local  organizations  is  to  increase,  without  expense  to  the 
General  Government,  the  number  of  stations  at  which  meteorological 
observations  may  be  taken.  The  data  thus  collected  by  voluntary  ob- 
servers are  utilized :  First,  by  the  chief  of  the  State  services  issuing  a 
bulletin,  either  weekly  or  monthly,  containing  an  accurate  and  impar- 
tial description  of  the  weather  conditions  which  may  have  prevailed 
in  the  State  during  the  time  covered  by  the  bulletin.  Second,  by  the 
Signal  Service  at  the  central  office  in  the  preparation  of  the  Monthly 
Weather  Eeview,  containing  an  account  of  the  general  weather  con- 
ditions throughout  the  country  during  the  month. 

These  local  services  also  supply  observations  for  special  study  of 
meteorology  and  climatology,  and  some  of  these  services  have  issued 
interesting  and  instructive  discussions  on  selected  subjects  containing 
general  information  which  may  be  utilized  in  the  work  of  this  service. 
As  an  example  of  the  economical  distribution  of  the  weather  indica- 
tions through  these  organizations,  the  distribution  by  the  State 
weather  service  of  Alabama,  previously  referred  to  under  the  head 
of  indications,  is  cited.  This  single  dispatch  to  the  chief  of  the  Ala- 
bama service  is  repeated  by  him  to  more  than  four  handred  stations  in 
that  and  the  a^oining  States  at  an  expense  not  greater  than  $2  pe^ 
day.  Independent  of  the  interest  these  services  have  developed  in  the 
subject  of  meteorology,  they  are  educating  the  people  as  to  the  value 
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of  the  weather  reports,  and  enable  a  large  class  of  the  x>opnlation  not 
within  reach  of  the  daily  papers  to  nse  the  weather  indications  in  the 
various  indastries.  The  great  problem  of  this  service  is  to  discover  the 
means  which  will  enable  it  to  communicate  to  threatened  localities  the 
information  which  is  receivedat  the  central  office  of  approaching  weather 
changes,  and  no  plan  is  more  effective  or  economical  in  attaining  this 
desired  end  than  through  the  well-organized  State  services.  With  a 
view  of  improving  this  important  feature  of  the  service,  I  invited  the 
several  chiefs  of  State  services  to  meet  in  this  city  to  discuss  various 
questions  pertaining  to  the  work  being  performed,  in  order  that  uni- 
formity of  action  might  be  secured.  A  complete  report,  giving  the 
operations  of  this  branch  of  the  service,  by  Lient.  H.  H.  0.  Dunwoody, 
Acting  Signal  Officer  and  Assistant,  who  first  suggested  the  organiza- 
tion of  these  services  in  connection  with  the  Signal  Service,  will  be 
found  in  an  appendix. 

SIGNAL-SERVICE  AGENCIES. 

Signal-service  agencies  for  the  benefit  of  commerce  and  the  marine 
interests  have  been  maintained  during  the  year  at  New  York  City,  Bos- 
ton, and  Philadelphia.  The  agencies  supply  the  captains  of  vessels  with 
publications  of  this  service  in  which  they  may  be  interested,  such  as 
descriptions  of  storms  in  the  north  Atlantic,  the  location  of  ice  which 
may  prove  dangerous  to  navigation,  and  also  provide  standard  instru- 
ments for  comparing  those  used  on  board  vessels.  Four  thousand 
and  seventy-two  ships'  barometers  were  compared  during  the  year 
with  Signal  Service  standards,  errors  determined,  and  correction  cards 
furnished.  These  vessels  furnish  in  return  simultaneous  observations, 
which  are  used  in  the  study  of  ocean  meteorology.  Weather  reports 
have  been  received  from  five  hundred  and  eighty-one  vessels,  of  which 
seventy-three  were  furnished  by  the  New  York  Herald  weather  bureau. 
Abstracts  of  logs  of  five  hundred  and  fifty-seven  vessels  have  been  pre- 
pared and  forwarded  to  the  central  office.  In  addition  to  these,  the 
service  is  indebted  to  the  New  York  Herald  for  one  hundred  and  seventy- 
one  and  the  New  York  Maritime  Register  for  five  hundred  and  twenty- 
one  abstracts  of  logs.  Arrangements  have  been  made  with  the  Meteor- 
ological Office  of  London,  without  expense  to  this  service,  for  telegraph- 
ing to  it  the  storm  conditions  reported  by  vessels  arriving  at  ports  of 
the  United  Stat/CS.  One  hundred  and  twenty-five  of  such  cablegrams 
were  transmitted  during  the  year.  These  dispatches  contained  specific 
data,  obtained  from  incoming  steamers,  showing  the  location  of  icebergs, 
derelict  ships  observed,  and  position  and  bearing  of  storms  encountered 
west  of  the  fifty-fifth  meridian. 

The  relations  between  the  shipping  interests  and  the  Signal  Service 
are  satisfactory,  and  the  Weather  Bureau  is  generally  commended  by 
those  interested  in  the  commerce  of  the  country. 

SPECIAL  WORK  UNDER  PROP.  CLEVELAND  ARBB. 

Scientific  ocrrespandence. — This  comprises  questions  bearing  ut)on  the 
work  of  this  service  and  relating  to  hygrometry,  hypsometry,  evapora- 
tion, solar  radiation,  thunder-storms,  tornadoes,  sun-spots,  and  vari- 
ous other  subjects  pertaining  to  meteorology. 

The  sextant  observations  made  by  Lieutenant  Lockwood  during  the 
sledging  journey  on  the  north  coast  of  Greenland,  in  which  he  reached 
the  <*  farthest  north,"  were  examined  and  found  to  be  highly  satisfactory 
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The  report  thereon  will  appear  as  an  appendix  to  Captain  Greely's  offi- 
cial report  of  the  expedition  to  Lady  Franklin  Bay. 

Tables  of  monthly  constants  for  the  redaction  of  the  barometer  have 
been  corrected  for  carrent  changes.  Much  time  has  been  given  in  this 
division  to  the  discussion  of  the  details  of  the  new  system  of  reducing 
the  barometer  to  sea-level,  and  finally  the  whole  subject  was  placed  in 
the  hands  of  Prof.  William  Ferrel,  whose  report  on  this  subject  is  given 
in  an  appendix.  Latitude,  longitude,  altitude,  and  magnetic  variation 
stations  have  been  furnished  as  required. 

The  question  as  to  the  proper  exposure  of  thermometers  in  order  to 
obtain  the  temperature  of  the  air  in  the  immediate  neighborhood  has 
been  considered,  and  improvements  adopted  which  promise  more  re- 
liable results.  Comparative  observations  have  been  made  during  the 
year  with  a  view  of  improving  instruments  for  determining  errors  in 
the  movement  of  the  velocity  of  the  wind  and  for  the  purpose  of  de- 
termining the  best  location  of  rain-gauges.  Meteorological  observa- 
tions have  been  taken  at  high  altitudes  during  several  balloon  voyages, 
for  the  purpose  of  supplying  data  for  the  special  study  of  the  several 
meteorological  elements.    These  observations  are  now  being  discussed. 

The  course  of  instruction  for  the  second  lieutenants  of  the  Signal 
Corps  included  a  series  of  lectures  by  Prof.  Cleveland  Abbe,  Prof.  T. 
C.  Mendonhall,  and  Prof.  William  Ferrel,  covering  the  general  subjects 
of  meteorology  and  natural  philosophy.  The  class  of  officers  were  re- 
quired to  attend  these  lectures  daily,  and  written  examinations  were 
held  monthly  from  which  the  proficiency  of  the  several  members  of  the 
class  in  the  subjects  considered  was  determined  and  reported  upon.  A 
number  of  professional  papers,  Signal  Service  notes,  and  translations, 
which  would  prove  valuable  if  published,  have  been  prepared. 

It  would  seem  that  restriction  prohibiting  the  publication  of  such 
papers  by  a  scientific  bureau  should  be  removed,  as  the  results  obtained 
by  the  careful  study  of  these  subjects  should  be  given  to  the  public,  and 
these  results  would  serve  to  improve  the  current  daily  work  of  this 
service.  The  work  of  collecting  material  for  the  subject  index  an<l 
author  catalogue  to  the  literature  of  meteorology  has  been  continued, 
and  this  valuable  work  will  probably  be  completed  and  ready  for  pub- 
lication during  the  current  year.  The  work  of  the  present  year  has 
been  chiefly  the  collection  of  new  titles,  the  correction  and  completion 
of  those  already  on  hand,  the  formation  of  a  subject  classification,  the 
actual  classification  of  the  titles  by  subjects,  and  the  preparation  of  an 
author  index. 

A  complete  report  of  the  work  by  Prof.  Cleveland  Abbe,  Assistant, 
under  my  direction,  will  be  found  in  an  appendix. 

INSTRUMENT  DIVISION. 

This  division  has  the  custody  and  care  of  all  instruments,  their  com- 
parison and  adjustment  with  standards,  and  all  questions  relating  to 
the  use  and  construction  of  instruments  are  referred  to  this  division 
for  necessary  action.  About  5,000  instruments  have  been  tested  and 
issued  in  this  division  during  the  year.  Improvements  have  been  made 
in  the  instrument  room  both  as  to  the  method  of  keeping  accounts  and 
as  to  the  character  of  the  records.  All  thermometers  and  rain-gauges 
have  been  carefully  tested,  new  forms  have  been  introduced,  and  exper- 
imental studies  of  instruments  have  been  made  for  the  purpose  of  estab- 
lishing a  normal  barometer,  improvement  in  thermometers,  psychrom- 
eters,  and  other  instruments  used  in  this  service.    The  new  rain-gauge 
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has  been  introdaced  to  a  considerable  extent,  over  one  hundred  and 
fifty  having  been  constructed  during  the  year,  many  of  which  are 
now  in  use.  Preparations  have  been  made  for  the  introduction  of 
smaller  wind-vanes  than  have  generally  been  in  ase.  The  large  16- 
foot  wind-vane  is  unquestionably  too  sluggish  in  its  action,  and  it  is 
proposed  to  substitute  one  of  a  much  smaller  pattern.  Much  prog- 
ress has  been  made  in  the  study  of  atmospheric  electricity  during 
the  year.  For  the  purpose  of  investigating  electrometers,  collectors, 
and  exposures,  extended  series  of  experiments  have  been  conducted 
at  this  office.  Six  new  electrometers,  constructed  after  specifications 
prepared  at  this  office,  have  been  ordered  for  the  prosecution  of  these 
studies.  Several  new  stations  have  been  established  throughout  the 
country  at  educational  institutions  where  special  electrical  observations 
are  made.  These  observations  are  collected  and  the  results  published 
in  the  ''Monthly  Weather  Eeview."  Much  interesting  work  has  been 
done  by  means  of  simultaneous  observations  at  this  office  and  at  the 
Smithsonian  Institution.  In  connection  with  the  subject  of  atmospheric 
electricity  it  may  be  mentioned  that  a  series  of  experiments  are  under 
way  for  the  purpose  of  determining  the  proper  form  and  dimensions  of 
lightning-rod  '<  grounds."  This  is  a  matter  of  great  importance  and  the 
results  of  the  investigation  will  be  of  great  practicdrl  value. 

Experimental  study  in  the  methods  of  measuring  ground  tempera- 
ture by  means  of  electricity  has  been  continued  during  the  year,  with 
very  satisfactory  results.  I  am  indebted  to  Prof.  E.  S.  Morse,  of  Salem, 
Mass.,  and  Mayor  John  Gould,  of  Portland,  Me.,  for  a  series  of  inter- 
esting and  valuable  observations  of  underground  water-temperature. 
A  detailed  report  of  the  work  of  this  division,  by  Prof.  T.  0.  Menden- 
hall.  Assistant,  will  be  found  in  an  appendix. 

BOARDS  OF  TRADE. 

The  service  continues  its  co-operation  with  boards  of  trade,  cham- 
bers of  commerce,  and  other  commercial  organizations  in  the  large 
citieii  of  the  country,  and  relies  upon  these  associations  for  advice  as 
to  the  distribution  of  reports  and  the  supply  of  weather  indications 
which  may  be  of  interest  in  various  sections  of  the  countay.  Many  of 
these  organizations  have  appointed  committees  to  confer  with  the  Ohief 
Signal  Officer  upon  matters  relating  to  the  Signal  Service  as  far  as  the 
work  of  the  bureau  will  bear  upon  the  commercial  interests  which  they 
represent,  and  I  am  pleased  to  acknowledge  the  valuable  assistance 
which  these  associations  have  rendered  in  aiding  me  to  make  the  Signal 
Service  more  valuable  to  the  country. 

The  board  of  trade  at  Saint  Paul  has  taken  charge  of  the  State 
Weather  Service  of  Minnesota,  and  under  its  excellent  management 
there  will  be  secured  for  the  wheat-growing  region  of  the  Northwest 
what  the  system  of  cotton-belt  observations  has  secured  for  the  South, 
viz.,  prompt,  accurate,  and  impartial  information  concerning  the  atmos- 
pheric changes,  and  daily  reports  of  rainfall  and  temperature  during 
the  growth  of  the  crop. 

Maritime  associations  of  the  country  acknowledge  the  value  of  the 
storm  warnings,  and  have  asked  for  their  extension.  Beports  show 
that  valuable  cargoes  have  been  saved  by  vessels  remaining  in  port  in 
obedience  to  the  warnings  issued  by  this  service.  The  shipping  inter- 
ests of  the  coast  call  for  additional  and  more  extended  information 
during  the  cyclone  season.  It  is  important  that  this  service  should 
receive  the  first  notice  of  the  development  of  these  storms  in  the  West 
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Indies,  in  time  to  give  telegraphic  notice  of  their  existence,  in  the  va- 
rious ports  of  the  United  States,  several  days  before  the  storm  reaches 
the  coast  The  bill  now  before  Congress  providing  for  the  establish- 
ment of  six  stations  in  the  West  Indies  expresses  the  demands  of  the 
shipping  interests  of  the  country  and  it  should  pass,  as  these  stations 
will  materially  aid  this  service  in  giving  notice  of  the  approach  of  these 
destructive  storms. 

AECTIO  WOEK. 

The  report  of  the  scientiflc  observations  of  the  Lady  Franklin  Bay 
Expedition  is  in  course  of  preparation. 

.  The  actual  observations,  covering  nearly  three  years^  hourly  record 
of  pressure,  temperature,  clouds,  rainfall,  auroras,  humidity,  tides,  and 
sea  temperature,  have  been  copied,  and  the  sums  and  means  calculated 
at  Fort  Conger  have  been  checked  and  verified,  and  are  substantially 
ready  for  publication. 

The  appendices,  which  were  to  be  prepared  by  the  U.  8.  Coast  Survey, 
are  in  progress.  The  magnetic  observations  have  been  completed,  re- 
duced, and  discussed  by  that  of&ce.  The  tidal  observations  and  pen- 
dulum work  are  in  the  course  of  preparation,  and  the  complete  report 
will  be  ready  for  the  printer  in  a  few  weeks. 

Apart  from  the  receptions  tendered  by  cities,  corporations,  and  clubs 
in  America  and  Europe,  Lieutenant  (now  Captain)  Greely  has  received 
the  following  distinctive  honors  and  awards : 

The  thanks  of  the  Commonwealth  of  Massachusetts. 

Complimentary  resolution  of  the  Legislature  of  Dakota. 

The  thanks  of  the  British  Government  for  the  return  of  union  jack 
and  admiralty  dispatches. 

The  founder's  medal  of  the  Boyal  Geographical  Society. 

Complimentary  resolutions  from  the  Geographical  Society  of  Paris. 

Complimentary  resolutions  from  the  American  Geographical  Society. 

Complimentary  resolutions  from  the  Geographical  Society  of  the 
Pacific. 

Election  as  honorary  member  of  the  British  Association  for  the  Ad- 
vancement of  Science:  Scottish  Geographical  Society;  Boyal  Swedish 
Anthropological  and  (geographical  Society,  as  well  as  of  other  less  well 
known  associations. 

Sergeant  David  L.  Brainard  has  received  from  the  Boyal  Geographi- 
cal Society  the  JBocfe  Chrcmt  for  1886. 

Some  substantial  reward  should  be  given  to  the  members  of  the  In- 
ternational Polar  Expedition,  and  it  is  hoped  that  Congress  at  its  next 
session  will  recognize  the  successful  work  performed  by  Lieutenant 
Greely  and  his  party  by  providing  promotions  of  the  survivors  and 
support  for  the  f^tmilies  of  those  who  lost  their  lives  while  serving  with 
this  expedition. 

APPEOPBIATIONS. 

The  appropriations  for  this  service  have  been  expended  under  my 
close  scrutiny  and  in  accordance  with  the  law  authorizing  it.  This 
service  has  been  maintained  and  good  results  secured,  but  it  has  been 
impossible  to  carry  on  the  full  work  of  the  Bureau ;  while  a  slight  in- 
crease in  the  appropriations  would  have  enabled  me  to  largely  increase 
the  benefits  of  the  service  to  the  people. 

Additional  cautionary -signal  stations  should  be  established  on  the 
lakes  to  meet  the  demands  of  those  interested  in  lake  navigation,  and, 
to  make  this  feature  of  the  service  complete,  funds  should  be  supplied, 
which  would  enable  me  to  keep  these  stations  open  at  night  during  the 
storm  seasons ;  this  cannot  be  done  now. 
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The  cotton-regioD  reports  are  becoming  more  valuable  each  year,  and 
there  is  an  increasing  demand  for  the  information  thns  famished,  but 
the  limited  appropriation  for  this  branch  of  the  service  prevented  me 
from  commencing  this  system  of  reports  at  the  usual  date,  April  1. 
These  observations  should  be  made  continuous  the  full  year,  and  the 
best  results  can  only  be  secured  by  an  increase  of  the  pay  of  these  ob- 
servers. The  estimates  submitted  for  the  coming  year  have  been  pre- 
pared with  great  care,  and  cover  only  the  absolute  needs  of  this  service, 
which  experience  has  demonstrated  should  be  provided  for,  if  the  work 
of  the  Bureau  is  maintained  on  its  present  basis :  but  the  service  is 
growing,  the  demands  ux)on  it  are  increasing,  and  much  more  good 
work  could  be  done  in  the  distribution  of  weather  forecasts,  storm,  Sost, 
and  flood  warnings,  if  the  appropriations  for  these  branches  of  the  serv- 
ice were  increased. 

The  improved  modes  of  administering  the  duties  of  the  property  and 
money  division,  inaugurated  by  me,  have  continued,  together  with  some 
changes  made  during  the  year,  in  order  to  make  the  accounts  more  ex- 
plicit and  technically  correct. 

It  is  thought  that  the  accounts  now  made  up  and  rendered  will  be 
satisfactory  to  the  accounting  officers  of  the  Treasury  Department. 

The  advantages  afforded  to  obtain  greater  accuracy  by  having  instru- 
ments compared  with  our  standards,  for  which  no  extra  charge  is  made, 
still  continues  to  induce  many  private  persons,  institutions  of  learning, 
&c.,  whose  voluntary  work  is  of  great  benefit  to  this  service,  to  purchase 
iustrumenth  through  this  office;  and  during  the  year  there  have  been 
two  hundred  and  eighty  instruments  of  various  kinds  purchased,  repre- 
senting a  total  cost  of  $1,907.25. 

These  transactions  have  no  connection  with  the  public  funds  dis- 
bursed by  the  property  and  disbursing  officer  of  this  service.  This 
office  simply  acts  as  the  agent  of  the  manufacturer. 

There  have  been  1,251  instruments  of  various  kinds  purchased  during 
the  year  for  the  use  of  this  service,  and  1,859  instruments  have  been 
issued  since  the  last  report. 

The  condition  of  the  approp^ations  (disbursed  by  this  office)  for  the 
fiscal  year  ending  June  30,  1886,  with  ex];)enditures  thereunder  and 
balances,  with  probable  demands  on  such  balances,  as  required  to  be 
rendered  by  the  act  of  Congress  approved  May  1, 1879,  is  as  follows : 


ObMTvaticm  and  report  of  Btoimt 

SlipDwl  Serrioe 

MiinteDiaiee  udA  repair  of  military  tele- 
graph lines 


▲pppropri- 
ated. 


ISM,  000  00 
6,500  00 

M,  000  00 


Expended. 


$8e,010  72 
2,6U82 

20,288  63 


Balances. 


$140,980  28 
2,968  68 

3,788  47 


Probable  de- 
mands. 


$126,960  28 
2;  968  68 

3,788  47 


The  amounts  appropriated  under  the  different  heads  for  the  support 
of  the  Signal  Service,  TJ.  S.  Army,  for  the  fiscal  year  ending  June  30, 
1886,  are  as  follows: 

Legislative,  executive,  andjadioial: 

Regular  olerkfl)  mesBengeis,  &o $10,()60  00 

Scientific  experts^  olerks,  ^o 40,000  00 

Postage-stamps,  postal  union  dounMes,  aUotted  by  the  Secretary  of 

War 1.069  00 

Stationery,  allotted  by  the  Secretary  of  War : 4,108  00 

Rent  of  buildings  for  Signal  Office 7,500  00 

Contingent  expenses,  allotted  by  the  Secretary  of  War 7, 417  49 

Tolal 70,754  49 
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Sundry  civil  expenses : 

Observation  and  report  of  storms  ; 

Manufacture,  purchasCi  and  repair  of  instruments $10, 000  00 

Telegraphing  reports 138,000  00 

Expenses,  storm  signals 11,000  00 

Cotton-belt  reports 7,000  00 

Connection  life-saving  stations 1,500  00 

Instrument  shelters 2,000  00 

Rents,  &c.,  of  offices  outside  of  Washington 41,500  00 

River  and  flood  reports 10,000  00 

Maps  and  bulletins 25,000  00 

Total 246,000  00 

Maintenance  and  repair  of  military  telegraph  lines 24, 000  00 

Pay,  &c,,  of  the  Signal  Corps : 

Pay  of  officers — -  33,750  00 

Pay  of  enlisted  men 200,151  51 

MUeage  to  officers 5,000  00 

Commutation  of  quarters  to  officers 7,200  00 

Pay  of  contract  surgeons 1,200  00 

Total 247,301  51 

Subsistence  Department : 

Subsistence  and  commutation  of  rations,  Signal  Corps 155, 000  00 

Quartermaster's  Department: 
Regular  supplies — 

Fuel 6,200  00 

Commutation  offuel  at  1^  per  month..... 23,760  00 

Commutation  of  fuel  at  |8  per  month 23,040  00 

Forage  for  mules  and  horses 3,100  00 

Forage  for  officers' horses • 1,495  00 

Stationery 100  00 

Stoves,  and  repairs  to  heating  apparatus 400  00 

Lights 150  00 

Stravrfor  officers'  horses 109  20 

Stravr  for  animals 217  00 

Stravr  for  bedding , 67  20 

Total 58,638  40 

Incidental  expenses — 

Horse  and  mule  shoes 500  00 

Shoes  and  shoeing  of  officers' horses.. 234  00 

^                                 Blacksmith's  and  other  tools 300  00 

^                                   Veterinary  supplies 1300  00 

Fire  apparatus,  disinfectants,  ^c 200  00 

Office  furniture,  FortMyer 100  00 

Total 1,634  00 

Interment  of  officers  and  men — 200  00 

Apprehension  of  deserters 120  00 

Transportation — 

Materials  and  funds 25, 000  00 

Officers  and  men 8,875  00 

Means  of,  mules 1,000  00 

Means  of,  harness — 130  00 

Means  of,  repairs  to ^ 500  00 

Total U. 35.505  00 
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Sundry  civil  expenses — Continned. 

Qoftrtermaster's  Department — Continned. 
Barracks  and  c^narters — 

Commutation  of  qaarters |84, 108  00 

Work  and  snppUes  for  Fort  Myer 1,500  00 

ToUl 85,608  00 

ClothiDg  and  camp  and  garrison  eqolpage — 

Six  wall-tents,  &o 73  89 

Issuesinkind 2,800  00 

Total 2,873  89 

Medical  Department : 

Merlical  attendance  and  medicines,  officers  and  men,  Sisnal  Corps  5, 000  00 

Medical  attendance  and  medicine,  officers  with  Signal  Corps. . .  100  00 

Medical  and  hospital  supplies.  Fort  Myer 700  00 

Medicines  from  depots,  d:o 1,000  00 

Materials,  repairs  to  hospital,  Fort  Myer 300  00 

Total „ 7,100  00 

Ordnance,  &o.,  Fort  Myer 100  00 

Printing  and  binding,  allotted  by  the  Secretary  of  War 14,000  00 

Sapport  of  the  Army : 

Expenses  Signal  Service,  U.  S.  Army 5,500  00 

Grand  total 954,335  29 

There  is  always  an  accamulation  at  this  office  of  valuable  Govern- 
ment property,  and  I  would  invite  the  attention  of  the  Secretary  of  War 
to  the  very  inadeqnate  storehouse,  and  recommend  that,  if  possible, 
some  action  maybe  taken  to  furnish  storage-room  of  a  better  character 
aud  greater  capacity. 

It  would  seem  that  while  several  estimates  have  been  submitted  for 
a  fire-proof  building  they  have  been  thus  far  ignored,  and  the  accumu- 
lated original  records  of  the  service,  the  result  of  the  oDservations  made, 
together  with  the  valuable  property,  is  worth  protection.  Congress 
should  be  urged  to  favorably  consider  the  estimate  submitted  for  a  fire- 
proof building  adapted  to  the  needs  of  this  service. 

The  work  of  the  Bureau  in  this  city  now  necessarily  occupies  ten 
buildings,  so  located  as  to  require  a  larger  force  of  messengers  and  labor- 
ers than  would  be  required  were  this  work  brought  into  a  single  con- 
venient building.  The  rent  now  paid  for  these  buildings  is  $6,379.06 
per  year.  A  suitable  building  for  the  work  of  this  service  is  located 
on  the  corner  of  24th  and  M  streets,  northwest,  with  about  54,000 
square  feet  of  ground,  owned  by  Mr.  Ferguson,  and  may  be  purchased 
at  the  reasonable  cost  of  $108,000,  and  I  recommend  that  an  appropria- 
tion of  this  amount  be  made  for  the  purchase  of  this  building  and 
grounds,  and  also  that  an  appropriation  of  $42,000  be  made  for  the 
erection  of  the  necessary  storehouses  on  said  ground  for  this  service. 

PBOPEBTY  AITD  BISBUBSEMENTS. 

The  improved  methods  of  administering  the  duties  of  the  Property 
and  Disbursing  Division  of  this  office  have  continued,  with  gratifying 
results,  and  the  accounts  passed  the  scrutiny  of  the  accounting  officer 
of  the  Treasury  with  few  suspensions,  and  these  have  been  for  a 
technical  informality.  All  vouchers  are  paid  by  checks  drawn  to  order 
and  in  no  case  to  bearer;  this  mode  being  considered  the  safest,  not 
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only  in  transmitting  money,  bat  it  also  famishes  the  assaranoe  that 
the  money  reaches  the  person  for  whom  it  is  intended.  All  requisi- 
tions are  carefally  scrutinized  before  payment  by  a  disinterested  ofB- 
cer.  The  methods  of  verifying  and  settling  accounts  in  this  Bureau  are 
those  prescribed  by  the  Army  Begulations  and  are  identical  with  those 
which  govern  in  the  Quartermaster's  ^Department  of  the  Army,  with 
the  additional  check  that  these  accounts  pass  the  scrutiny  of  the  Ex- 
amining Division  of  this  office  before  they  are  submitted  to  the  ac- 
counting officer  of  the  Treasury. 

The  service  has  b^n  economically  managed,  and  the  additional  care 
of  the  property,  which  is  widely  distributed  over  the  country,  has 
greatly  increased  the  work  of  the  division.  Under  the  present,  rule 
each  article  purchased  is  taken  up  on  a  property  report,  which  is  ren- 
dered quarterly  for  transmission  to  the  Third  Auditor  of  the  Treasury, 
so  that  there  is  not  one  article,  from  the  merest  trifle  to  the  most  ex- 
pensive instrument  that  is  purchased,  but  what  is  carefully  reported 
to  the  accounting  officer  of  the  Treasury. 

The  experience  of  the  past  year  fhmishes  additional  reasons  for  re- 
newing my  recommendation  for  the  erection  of  a  fire-proof  building  for 
offices  suitable  for  the  use  of  the  Signsd  Service,  as  per  plans  and  esti- 
mates contained  in  Senate  Ex.  Doc.  "So.  152,'  Forty-eighth  Congress, 
first  session,  unless  the  Ferguson  property  be  bought.  The  buildings 
now  occupied  by  this  service  are  insecure,  unsafe  for  the  storage  of 
valuable  property,  and  in  every  way  unsuited  to  its  use. 

The  annual  report  of  Gapt.  Francis  B.  Jones,  A.  Q.  M.,  U.  S.  A., 
property  and  disbursing  officer  of  the  Signal  Service,  will  accompany 
this  report  as  an  appendix. 

PUBLICATIONS. 

The  <^  Monthly  Weather  Beview''  of  the  Signal  Service  has  been 
regularly  published  during  the  year,  and  this  publication  is  now  recog- 
nized as  one  of  the  most  valuable  productions  of  the  service.  Each 
^^Beview"  contains  a  general  summary  of  the  meteorological  data  col- 
lected at  this  office  during  the  month;  new  features4iave  been  added, 
and  improvements  made  during  the  year,  which  render  this  publication 
more  complete.  Charts  are  published  with  this  ^^  Bevie w,"  showing  the 
movement  of  storms  over  the  United  States  and  the  I^orth  Atlantic 
Ocean,  which  are  of  special  value  to  shipmasters. 

The  "  Monthly  Summary  and  Beview  of  International  Observations," 
based  upon  the  data  collected  by  mail  without  expense  to  this  service, 
and  containing  the  general  weather  conditions  of  the  northern  hemi- 
sphere, has  also  been  published. 

Work  has  also  been  continued  on  the  publication  known  as  the 
'^Meteorological  Becord,''  and  by  special  authority  of  the  Secretary  of 
War  the  printing  of  this  work  for  a  single  year  has  been  continued  and 
is  near  completion,  bringing  it  up  to  November,  1878.  This  record  is 
of  special  value  in  the  study  of  storm-movements  in  the  United  States, 
and  some  provision  should  be  made  for  completing  the  printing  of  the 
full  series. 

The  publications  known  as  Professional  Papers  and  Signal  Service 
Notes  previously  issued  by  this  service  have  been  discontinued,  in 
compliance  with  the  law  forbidding  the  publication  of  such  papers  as 
are  not  required  for  the  current  work  of  this  service.  In  this  connec- 
tion I  would  say  that  the  best  results  from  this  current  work  can  only 
be  attained  by  a  careful  study  of  the  observations  collected,  upon  which 
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such  work  is  based,  and  therefore  the  discassions  and  generalizations 
by  competent  students  have  a  direct  bearing  upon  the  current  work  of 
this  service,  and  some  provision  should  be  made  for  the  publication  of 
such  papers. 

OBQANIZATION  OF  THE  SIGNAL  OOBPS. 

The  necessity  for  grades  of  rank  in  every  military  organization  has 
been  recognized  from  time  beyond  record,  and  good  men  cannot  be  re- 
tained in  the  service  which  offers  no  rewanl  for  long  and  efficient  work. 

By  retaining  the  experience  of  officers  who  have  served  for  long 
]>eriods  in  this  service  great  economies  can  be  secured  each  year  and 
serious  mistakes  avoid^. 

The  recommendation  of  the  Joint  Gommission  of  Oongress  investi- 
gating the  Signal  Service,  relative  to  officers  of  long  experience,  should 
receive  the  approval  of  Congress,  and  some  provision  be  made  for  the 
promotion  of  the  officets  of  the  Signal  Corps,  based  upon  length  of  serv- 
ice and  ability  to  perform  the  duties  which  may  be  requir^  of  signal 
officers. 

I  am,  very  respectfully,  your  obedient  servant, 

W.  B.  HAZEN, 
Brig,  and  Bvt  Maj.  Oen.j  Chief  Signal  Officer,  U.  8.  A. 

Hon.  William  O.  Bndioott, 

Secretary  of  War. 
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5. — Report  npon  weather  sigmda. 

6. — Report  of  the  officer  in  charge  of  the  Pacific  coast  division  of  the  Signal  Service. 
7. — Report  npon  the  system  of  cotton-region  ohservations. 
8. — Report  on  the  display  of  signals  for  the  protection  of  marine  interests. 
9. — River  reports  and  flood  warnings. 
10. — Railway  weather-bulletin  service. 

1 1. — Report  of  (^cer  in  charge  of  the  correspondence  and  records  division. 
12. — Annual  report  of  the  officer  in  duage  of  the  stations  division. 
13. — ^Annual  report  of  the  officer  in  charge  of  the  telegraph  division. 
14. — Annual  report  of  the  property  and  disbursing  officer. 
15. — ^Annual  report  of  the  examining  officer. 

16. — Annual  report  of  the  officer  in  charge  of  the  publications  division. 
17. — Annual  report  of  the  officer  in  charge  of  the  meteorological  record  division. 
18. — Report  of  tornado  work. 

19.— Report  of  the  assistant  in  charge  of  the  study-room  division. 
20. — ^Report  of  officer  in  charge  of  the  fact  and  international  bulletin  division. 
21. — Annual  report  of  Signal  Service  agencies. 

22. — Annual  report  of  the  assistant  in  charge  of  the  physical  laboratory  division. 
23. — Report  of  Professor  William  Ferrel,  assistant,  on  the  reduction  of  barometric  pn\s<- 

ure  to  sea-level  and  standard  gravity. 
24. — Report  of  Professor  William  Ferrel,  assistant,  psychrometric  tables  for  use  iu  the 

Signal  Service. 
25. — Report  of  junior  Professor  H.  A.  Hazen,  Signal  Service,  on  thunder-storms. 
26. — Instructions  to  voluntary  observers  of  the  Signal  Service. 
27. — Classified  list  of  stations  of  the  Signal  Service. 

28. — Annual  meteorological  summaries  (forms  122  B)  at  stations  of  the  Signal  Service. 
29. — Table  showing  mean  rangeofafcmo^heric  pressure  at  stations  of  the  Signal  Service. 
3U. — Table  showing  mean  of  maximum  and  mean  of  minimum  temperatures  at  stations 

of  the  Si^al  Service. 
31. — Table  showing  mean  monthly  temperatures  and  departures  of  188 1  therefrom  at 

stations  of  the  Signal  Service. 
32. — Tables  showing  mean  daily  range  of  temperature  at  stations  of  the  Signal  Service. 
33. — ^Table  showing  monthly  and  annual  mean  temperatures  at  volunteer  stations. 
34. — ^Table  showing  monthly  maximum  and  minimum  temperatures  and  annual  range 

oftemi>eratnre. 
35.  — Table  showing  the  monthly  maximum  and  minimum  temperatures  and  the  annual 

range  of  temperature  at  military  post  hospitals. 
36. — ^Table  showing  monthly  and  annual  mean  temperatures  at  military  post  hospitals. 
37. — Table  showing  monthly  and  annual  mean  temperatures  at  stations  on  the  Central 

Pacific  and  Southern  Pacific  Railroads. 
38. — Table  showing  monthly  maximum  and  minimum  temperatures  and  annual  range 

of  temperature  at  stations  on  the  Central  Pacific  and  Southern  Pacific 'Rail- 
roads. 
39.-  -Table  showing  the  mean  of  the  maximum  and  minimum  temperatures  of  the  cot- 

ton-r^on  stations  of  the  Signal  Service. 
40. — ^Table  showing  the  average  temperature  of  the  surface  of  the  ocean  at  stations  of  the 

Signal  Service. 
41. — ^Table  showing  the  normal  precipitation  and  the  departures  of  that  for  1885  there- 
from at  stations  of  Sigxial  Service. 
42. — ^Table  showing  the  monthly  and  annual  precipitation  at  volunteer  stations  of  the 

Signal  Service. 
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43. — Table  showing  the  monthly  and  aonoal  precipitation  at  military  post  hospitals. 

44. — ^Table  showing  the  monthly  and  annual  precipitation  at  stations  on  the  Central 
Pacific  and  Southern  Pacific  Railroads. 

45. — ^Table  showing  precipitation  at  the  cotton-region  stations  of  the  Signal  Service. 

46. — ^Table  showing  the  monthly  maximum  and  minimnm  temperatures  and  precipita- 
tion at  third-order  stations  of  Signal  Service. 

47. — ^Table  showing  the  mean  maximum  and  mean  minimum  temperatures  and  the 
number  of  days  of  precipitation  at  third-order  stations  of  the  Signal  Service. 

48. — ^Table  showing  the  mean  relative  humidity  at  stations  of  the  Signal  Service. 

49. — ^Table  showing  dates  of  first  irost  at  stations  of  the  Signal  Service  east  of  the  Rocky 
Mountains  for  the  winter  of  1885-'86. 

50. — ^Table  showing  date  of  the  last  frost  at  stations  of  the  Signal  Service  east  of  the 
Rocky  Mountains  for  the  winter  of  1885-'86. 

51. — ^Table  showing  the  average  movement  of  the  wind  at  stations  of  the  Signal  Service. 

52. — ^Table  showing  average  cloudiness  at  stations  of  the  Signal  Service. 

53. — ^Table  showing  the  average  number  of  clear,  fair,  and  cloudy  days  at  stations  of  the 
Signal  Service. 

54. — Table  showing  the  dates  of  closing  of  navigation  on  lakes  and  rivers  at  selected  sta- 
tions of  the  Signal  Service. 

55. — ^Table  showing  the  dates  of  opening  of  navigation  on  lakes  and  rivers  at  selected 
stations  of  the  Signal  Service. 


APPENDIX    X. 

REPORT  CF  THE  OFFICER  JiV  CHARGE  OF  THE  DIVISION  OF  MILITARY 

SIGNALING. 

Signal  Office,  Wab  Depabtmxht, 

WashinffUm  CUif,  Julp  4, 1886. 

Sib:  I  have  the  honor  to  sabmit  the  following  report  of  the  opemtionB  of  the  military 
siKnaling  diTision  for  the  year  ending  June  30, 1880 :  On  the  reeonunendation  of  the 
Chief  Signal  Officer,  the  A^atant-Oenena  iaraed  orders  (General  Orders,  No.  109, 1885) 
on  October  12,  directing  that  instructions  be  given  and  practice  had  in  military  signal- 
ing at  all  military  posts,  and  that  monthly  reports  be  rendered  to  the  Chief  Signal 
Officer.  Snitable  forms  for  reports  were  at  once  prepared,  and  a  snpply  sent  to  each 
acting  signal  officer.  At  this  office  the  practice  in  field  signaling  was  continued  until 
Novemb^  1,  a  daily  detail  being  made  for  that  purpose.  A  company  of  thirty  care- 
fully selected  men  was  enlisted  for  the  purpose  of  nuldng  them  experts  in  all  kinds  of 
signaling,  and  having  them  ready  at  a  moment's  notice  for  field  duty.  This  company 
is  now  under  instruction  at  Fort  Myer,  except  two  of  ite  members,  who  are  serving  in 
Arizona  with  General  Miles.  During  the  latter  port  of  1885,  the  advisability  of  adopt- 
ing a  new  code  suitable  to  aU  kinds  of  visual  signaling  was  considered,  and  on  recom- 
mendation of  the  Chief  Si^^ial  Officer  a  board  was  appointed,  consisting  of  the  Chief 
Signal  Officers  of  the  Army  and  of  the  Navy,  and  other  officers,  to  select  a  suitable  code. 
As  a  result  the  Contbiental  Morse  Code  was  adopVed  in  orders  from  the  Adyutant-Gen- 
eral's  Office  for  use  in  and  between  the  Army  and  Navy.  The  same  order  prohibited 
the  use  of  any  other  code. 

New  code-ourds  were  at  once  issued  to  the  Army  and  Navy,  and  a  new  cipher  disk 
(also  adopted  upon  the  recommendation  of  the  board)  was  suppUed  to  both  services. 

During  the  year  many  experiments  and  tests  were  made  witn  a  view  of  improving  on 
the  old  sipud  equipments,  and  upon  the  recommendation  of  the  Chief  Signal  Officer,  a 
board,  consisting  of  Major  Volkmar,  Lieutenant  Dunwoody,  and  Lieutenant  Maxfield, 
was  appointed  to  consider  and  report  upon  new  equipments  devised  by  Lieut  B.  M. 
Purssell,  Signal  Corp^  Alter  several  severe  test^  the  board  found  these  new  equip- 
ments  were  in  many  lespecta  superior  to  the  old,  but  was  not  willing  to  recommend 
their  adoption  until  ftdly  tested  by  actual  use  in  the  field.  On  the  recommendation  of 
this  board  25  sets  of  the  new  equipments  are  now  in  course  of  construction,  and  will  be 
sent  to  the  different  military  headquarters  for  final  test 

Hie  manuscript  of  a  new  manual  of  signals  was  prepared  early  in  the  fiscal  year,  but 
it  cannot  be  submitted  for  action  until  the  question  of  the  adoption  of  new  equipments 
is  finally  settled. 

During  the  year  346  requisitions  for  signal  equipments,  stores,  &&,  were  received  and 
action  t&en  thereon.    The  issues  to  military  posts  consisted  of: 

Kit  cases No—  02 

4-foot  flags ; do—  218 

2-foot  flags do—  42 

Jointed  stafb « — do..  127 

Haversacks,  pliers,  and  scissors do..  73 

Ointeens  and  funnels do—  68 

Flying  and  foot  torches,  together  with  the  necessaxy  extinguishers,  flame-shades, 

andwormers . No..  62 

Manuals  of  signals do—  35 

Wands do-  294 

Ballsofwieking ' . do—  685 

Boxes  of  matches . do..  253 

5-gallon  OLl-cans do.-  2 

OU l.gsllons-  193 

Telescopes — No—      '     42 

31 
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SoundeiB 


Keys —*..-• — .-.—.—. — — . do. 

KeUys — — — — .———„-. — . -• do. 

Switch-board • : do. 

Lightning  anesteia  ..<# — . ~ . . — ... .* do. 

Telephones do. 

Pairs  climbera — .. .. ....... do. 

Cutting-plieiB . .^ . — ..... — ............ do. 

Vices . . . . . do. 

Doable  connectoxs do. 

Wrench do. 


Electric  call-bellB . do- 

Tiansmittera do. 

Galvanized  and  Innnlat^fld  wire  (abont) feet. 

Eagle  (round)  batteries No. 

Leclanch6  cells do. 

Sulphate  of  copper pounds. 

Sal  Amoniac . do. 

Extra  zincs No. 

Insulators ... . . do. 

Insulator  brackets . . . . do. 

Spikes do. 

Compasses do. 

Anemometer . do. 

Camp-stools do. 


19 

19 

66 

62 

8 

1 

3 

11 

2 

13 

3 

12 

1 

20 

2 

56,000 

117 

10 

609 

27 

73 

72.5 

641 

50 
o 

1 

4 


In  addition  to  the  aboTO  there  were  sent  to  General  N.  A.  MUes,  commanding  Depart- 
ment of  Arizona,  during  tiie  months  of  Hay  and  June,  34  heliographs,  10  telescopes,  30 
marine  glasses,  and  1  aneroid  barometer.  These  were  sent  partly  irom  this  office  and 
partly  from  militaiy  posts.  Eleven  men  were  also  ordered  to  report  to  him  for  purposes 
of  signaling  in  connection  with  his  Indian  campaign. 

Duing  t£e  year  669  reports  of  instruction  and  practice  in  military  signaling  were  re- 
ceived from  nulitary  posts. 

The  following  is  a  summarized  statement  of  the  number  of  officers  and  men  who  re- 
ceived instruction  in  military  signaling  at  the  various  military  posts  since  the  month  of 
March,  when  the  instruction  in  the  new  code,  referred  to  above,  began: 


Department*— Posts. 


Department  of  the  Bm(: 

Wsyne.  Mien ■■»..... m.....— »..».— 

Brady,  Mioh«...«.........MM... 

MtM>k1n#^,  Mioh........M..M. 

Porter,  N.  Y..,. 
Nla«;Ma,N.Y.. 

Ontario,  N.  Y.. 

Madison  Barracks,  N.  Y....Mi^..«M.....MM..... 


leeeea  ■»■  ■  s  ■  ■  ■  ■•••>•••»  — ♦■  i 
y—we»e——«ae»sesee«a»ee— •••••••— —< 

Mae  ••  ass— e  waaae  •  a —•t 
*»««•••»••••«  ••••a««*««*«aaaaaaa«aaaa««a«a«  I 

>•••«•  »••»«•  •••  ••••#•  aaaaevaai 

>••  ••••••  a  •••««aaa4 


PlaUsbunr  Barraoks,  N,  Y — ....... 

Preble,  Me......M..>.....M.>a»*MM*«.M.M« 


.............i 


ivai'ien,  jwi  ass.. ....... ... ...... ...... ...... ......  .......••• 

Adams,  K.  X............. .....a...... ....*••••••.••*••••.•.• 

TntmboU,  Oonn  ,„—— .>»«..•.  ...w. »»...» 

Hamilton,  New  York  Harbor................^..* 

^vadBwoi^u,  M.  >«.««»».■«»...  ..»...........«»»»■■■■■—■»' 

CkilumbuSiKew  York  Harbor......M.......«M.... 

Schuyler,  New  York  Harbor................«i«.... 

jnocionrjr,  jnci«  ••••••........ .••.«•••....••••...••■•••••••••• 

Washington  Barracks,  D.  0......m....m....m..... 

jftonroo,  va»««««. «»..«. mM«»»«»* ■»...» 
Saint  Francis  Barraoks,  Fla... 

Barrancas,  Fla ..« 

Mount  Vernon  Barracks,  iUa. 

Jackson  Barracks,  La ..^ 

Little  Bock  Barraoks,  Ark........... 

Newport  Barraoks,  Ky ...... 


BCaroh. 


8 
0 
0 
1 
0 
0 
0 
0 
0 
0 

a 

0 

» 

0 

1 

1 

• 

1 

0 
2 
0 
1 
0 
1 
0 


8 

0 

18 

4 
0 
8 

18 
9 
7 
4 

10 
2 
k 

4 
11 

4 

• 

6 
0 
8 
8 

8 
6 
4 
8 


AprlL 


I 

o 


2 
0 
0 

1 

0 
0 
0 
0 
0 
0 
2 

0 

k 

0 

1 

1 

0 

1 

19 
2 
0 
1 
0 
1 
0 


I 


6 
0 
8 

4 
6 
8 

18 
8 
8 
8 

U 
8 
k 

4 

11 

4 

< 

5 

0 

4 

8 

8 

6 

4 

21 


May.. 


S 

B 

o 


2 
0 
0 

1 

0 
0 
0 
0 
0 
0 
2 
0 

1 

0 

1 

1 

0 

1 

0 
2 
0 

1 

0 

1 

0 


5 
0 
8 
4 
6 
8 

18 
8 
8 
8 

10 
6 
8 
4 

11 
4 

«8 
6 

89 
8 

M 
6 
6 
4 
8 


Jane. 


i 

o 


2 
0 
0 
1 
0 
0 
0 
0 
0 
0 
2 
0 
2 
0 
1 
1 
0 
1 
0 
2 
0 
1 
0 
2 
0 


S 


5 
18 
•8 

4 

6 
8 

17 
7 
6 
9 

10 
4 
7 
8 

U 
4 

«6 
6 

88 
4 

14 
8 
4 
8 
6 


*.  Also  two  compaaiesi 


\  Entire  commands 


•4  Batteries  D,  O  and  L 
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Department  of  Dakota; 
Abraham  Lincoln,  Dak. 
Bennett,  Dak........ 

Meade,  Dak....................... ........... 

^'USOa^Uf  JUAJC* •«••■••••■•«•«••••«•••••*«••■•••• 

Keoffh,  Mont. 

Pemoina,  Dak.MM....M.M.M. 

Randall,  Dak............ 

SiBseton,  Dak 

Poplar  Biver,  Mont.............^............................ 

OuOXUDk^  JI&XIUl  •••••••«•#••  ••••«••••••••••■••••••••»••••••#■■•••■• 

OXXMAy^  A^AK  ••*•»••••••••••  ••■•••••••«•••••••••«*••«••■•■»•••••••••«* 

Totten,  Dak.................. 

X  ases,  Ji^aK  •••........•......« 

Masinnls,  Mont. 

Aaunnabolne,  Mont...., 

jEEllia,  Mont 

Miaaoula,  Mont. 
Shaw,  Mont..... 


■  >■••••»—  ••••  •  ••■  m  •«•••«•••»••••  ••»••••«•  •  • 


•#■•■•<■  ^••e  ■•••••■»••••— »•♦»•« 


Mardu 


•••••  •••••••••  ••  •  •••••  • 


Departanent  of  the  Platte : 

Bridger,  Wvo 

D.  A.  RuMell,  Wyo 

Dousrlaa,  Utah 

Fred  Steele,  Wyo 

Lammie,  Wyo. 

MoKinney,  Wyo 

Niobrara,  Nebr. 

Omaha,  Nebr 

Kobinaon,  Nebr 

Sidney,  Nebr 

Washakie,  Wyo . 


Department  of  the  Minonil : 

Elliott,  Tex 

Gibson,  Ind.T 

Reno,  Ind.  T...» 

Riley,  Kans............. 

Sill,  Ind.  T , 

IlaySfKans 

Leavenworth,  Kans 

Lyon,  Colo 

Cantonment  on  Uncompahgre,  Colo 


•••••••»••  •••■■•»•••••«»••«•••••«••«••••»•«•«•••■•• 


••••••«••••••• 


Department  of  Arizona: 

Bayard,  N.  Mez 

Bliss,  Tex 

Marcy,  N.  Mex 

Selden,  N.  Mex 

Union,  N.  Mex. 

Lewis,  Colo 

Stanton,  N.  Mex 

Win^ite,  N.  Mex 

Apaone,  Arix. 

Bowie,  Arix. 

Grant,  Arix. 

Uuachuca,  Aris 

Lowell,  Aria 

McDowell,  Ariz. 

MoJave,Ariz 

Thomas,  Aris 

Verde,  Ariz 

Whipple  Barracks,  Ariz. 


Department  of  Texas : 

Brown,  Tex 

Clark,  Tex ..... 

Concho,  Tex 

Davis.  Tex 

Del  Rio,  Tex 

Mcintosh,  Tex 

Pefia  Colorado,  Tex 

Hancock,  Tex 

Ringgold,  Tex 

Stockton,  Tex 

San  Antonio,  Tex 

•.  Reports  missing. 

••  Instvuetion  had,  bnt  no  names  given. 

SSIG 


0 
0 

1 

2 
0 
8 
0 
0 
0 
8 
0 
0 
0 
0 
0 
8 
0 
1 
2 


1 
2 
0 
1 
0 
0 
0 

1 

0 
2 

1 


7 
0 
0 
0 

1 
1 

0 
0 
0 
0 


0 
0 
0 
0 

4 

1 

0 
2 
0 
0 
0 

0 

ft 

0 
0 
0 
0 
0 


1 

2 
0 
0 
0 
0 
0 
0 
0 
0 
0 


i 


8 

0 
8 
« 
0 
18 
« 
8 
0 
U 
17 
4 
4 
0 
0 
8 
8 
8 
8 


8 
8 
0 
8 
0 
0 
14 
12 
4 
7 
6 


11 
6 
7 
0 
8 
8 
9 
9 
0 
0 


0 
17 
0 
8 
8 
8 
4 
8 
8 
0 
0 
0 
• 

0 

4 
0 
8 
0 


10 
0 
0 
0 
0 
0 
0 
4 
0 
0 
0 


ApilL 


0 
0 
1 

2 
1 
8 
0 
0 
0 
8 
0 
0 
0 
0 
0 
0 
0 

1 

2 


1 

4 

% 

I 

0 

• 

0 

1 

0 
8 

1 


7 
0 
0 
0 

1 

0 
0 
0 
0 
0 


0 
0 
0 
0 
8 
1 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


1 

2 
0 
0 
0 
0 
0 
0 
0 
0 
0 


I 


4 

8 

8 

8 

8 

15 

21 

8 

0 

14 

17 

4 

4 

0 

0 

0 

8 

8 

8 


8 

16 

» 

8 
0 

• 

14 
12 

4 
6 
6 


11 
8 
7 
0 
8 
8 
7 

10 
0 
0 


0 
0 
0 
6 
6 
8 
4 
8 
0 
0 
0 
6 
0 
0 
4 
0 
8 
3 


9 
8 
0 
0 
0 
0 
0 
4 
0 
0 
0 


May. 


i 


0 
0 

1 

1 

2 
0 
0 
1 
8 
0 
0 
0 
0 
1 
8 
0 
1 
2 


1 
4 
0 

2 

0 

• 

0 
0 
0 
2 

1 


0 
0 
0 
0 
0 

1 

0 
0 
0 
0 


0 
0 
0 
0 
2 

1 

0 
2 
0 

0 

• 

0 
0 
0 
0 
0 
0 
0 


1 

2 
0 
0 
0 
0 
0 
0 
0 
0 
0 


4 
8 
8 
8 

8 
21 

7 

8 

18 

17 

4 

8 

10 

6 

8 

6 

8 

7 


8 
16 

4 
6 

0 

• 

14 

12 

f 


6 

8 
9 
0 
4 
8 
7 
10 
0 
0 


0 
0 
6 
6 
8 
8 
0 
5 
0 
0 
• 

26 
0 
0 
4 

0 
8 
8 


8 
6 
0 
0 
0 
0 
0 
4 
0 
4 
0 


0 
0 
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•.  Reports  mlssinff. 

K  Inatniotlon  in  old  code. 


«.  Cadets. 

'.  All  officers  and  men  practicing  in  field. 


Mnch  Yalnable  infonnation  was  collected  from  abroad  during  the  jear  in  regard  to 
military  aignaling,  and  fourteen  tranglations  were  made  from  German,  French,  and 
Danish  papers  upon  that  subject. 

Very  respectfully,  your  obedient  servant, 

B.  M.  PURSSELL, 
Second  Lieutenant,  Signal  Corps,  U.  8,  A, 
The  CHisr  Signal  Offices  XT.  S.  Abmy. 


Office  Chief  Signal  Officer,  August  6, 1886. 

In  Tiew  of  the  failure  of  Congress  to  provide  for  the  maintenance  of  the  school  ot 
military  signaling  at  Fort  Myer,  Virginia,  during  the  current  year,  I  submit  the  follow- 
ing postscript  to  my  report  dated  July  4,  168G: 

With  the  abolishment  of  Fort  Myer,  Ya.,  as  a  school  of  instruction  for  the  Signal 
Service,  the  Army  has  been  deprived  of  the  means  to  properly  maintain  and  improve 
this  important  branch  of  the  service.  Every  civilized  nation  recogni2se8  the  necessity  of 
an  organized  field  tel^raph  for  strategic  and  tactical  purposes  of  modern  warfare,  and 
it  is  urgently  recommended  that  the  post  again  be  placed  under  the  control  of  the  Chief 
Signal -Officer,  not  only  for  the  purpose  of  instructing  the  enlisted  force  of  this  service 
in  its  meteorological  duties,  but  mainly  because  Fort  Myer  ofiTers  great  facilities  for  the 
maintenance  and  fhrther  improvement  of  the  field  telegraph  and  visual  signaling.  The 
German  general,  von  Chauvin,  fully  recognized  the  necessity  of  an  organized  signal  corps 
when  he  said :  '  ^ As  every  other  branch  of  the  army  intended  for  military  actions  nuuches 
to  the  batUe-field  fully  prepared  by  uninterrupted  drills  in  time  of  peace,  the  same  must 
be  done  in  case  of  the  field  telegraph.  All  arms  are  being  perfected,  and  are  increased,  and 
the  same  <»re  must  be  bestowed  upon  the  field  telegraph.  From  experiences  in  the  last 
campaign  (Franco-Ptusaian  war,  1870-'71),  and  in  view  of  the  progress  of  other  armies, 
the  necessity  of  organizing,  in  peace  time,  a  field  telegraph  corps  shows  itself  forcibly, 
and  in  this  way  only  can  the  field  telegraph  succeed  in  complying  with  the  materially 
increased  requirements  of  modem  v^arfiire."  It  cannot  be  denied  that  a  neglect  of  this 
branch  of  the  military  service  may  have  serious  consequences,  which  would  be  keenly 
f^t  should  the  United  States  become  involved  in  any  conflict  with  foreign  powers. 
Below  I  propose  to  show  briefly  the  organization  of  the  military  telegraph  of  foreign 
powers  and  improvements  made  bv  them  to  keep  abreast  with  the  times. 

It  vrill  be  observed  that  the  organization  of  the  military  field  telegraph  differs  in  dif- 
ferent countries.    Thus,  for  instance,  Spain,  inclosed  by  chains  of  mountains,  has  intro- 
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daoed  and  organized  a  monntain  telegniph,  i.  ^.,  the  telegiaphio  supplies  are  txansported 
by  mnles  instead  of  wagons,  as  is  done  in  more  level  ooantries;  and  the  topographical 
oonditlons  of  Austria  require  for  the  Austrian  field  telegraph  formation  the  greatest 
diversity.  We  find,  therefore,  in  that  country  not  only  permanent  and  semi-permanent 
lines,  but  also  field  and  mountain  telegraph  systems,  including  the  optical  and  acoustic 
telc^naph.  Other  causes  of  variation  in  the  organization  are  found  in  the  systoms  of  re- 
cruiting. In  countries  where  the  government  has  control  of  the  state  telegraph  the 
personnel  is  recruited  from  the  operators,  while  some  countries  have  purely  military  and 
others  a  mixed  personnel, 

France, — ^In  this  country  the  field  telegraph  corps  is  formed  only  with  the  outbreak  of 
a  war.  The  management  of  the  wl^ole  is  conducted  by  officials  of  the  state  telegraph, 
and  the  necessary  work  is  done  by  civilians  without  tiie  assistance  of  officers.  Soldiers 
are  only  used  as  train  escorts  and  patrols.  Only  such  civilians  are  recruited  from  the 
state  tdegraph  as  belong  to  the  reserve  of  the  army;  they  are  subject  to  military  law 
and  have  all  rights  and  duties  in  common  with  the  soldier.    The  field  telegraph  diiector- 

general  is  under  the  orders  of  the  commander-in-chief  of  the  army  and  is  stationed  at 
eadquarters.    Upon  mobilizing  the  armv  a  field  telegraph  corps  is  at  once  organized 
for  each  army  corps,  and  comprises  the  following  elements: 

1.  Field  telegraph  direction. 

2.  Field  and  mountein  telegraph  sections. 

3.  Semi-permanent  telegraph  sections. 

4'.  Means  of  transport  whidi  may  be  furnished  by  the  proper  military  authorities. 

5.  Sufficient  personnel  and  material  for  the  service  of  state,  fortification,  field,  and 
reserve  Unes. 

The  sections  of  the  field  and  mountain  telegraph  and  six  sections  of  the  semi-perma- 
nent telegraph  are  permanently  organized,  but  are  only  mobilized  in  case  of  war,  and 
take  part  in  the  great  maneuvers  of  the  army  corps  by  direction  of  the  secretary  of 
war.  The  former  sections  are  charged  with  the  maintenance  of  telegraphic  communi- 
cation between  operating  bodies  of  troops,  and  the  latter's  duties  consist  in  connecting 
the  field  lines  with  the  state  telegraph.  The  number  of  sections  to  be  attached  to  a 
singly  operating  army  depends  upon  the  strength  of  the  army,  but  each  section  consiBto 
of  one  chief  of  section,  three  chiefs  of  station,  nine  operators,  and  twenty-six  laborers. 

Lately  important  progress  has  been  made  in  the  advance-post-telegraph  service,  and 
forty  cavalrymen  an  sent  each  year  to  the  school  at  Saumur  to  be  instructed  in  mili- 
tary telegraphy.  These  men  are  selected  after  examination  in  reading,  writing,  and 
arithmetic,  and  receive,  after  having  fiiithfully  served  their  enlistment,  an  appointment 
in  the  state  telegraph  department,  to  be  again  taken  into  service  in  the  field  telegraph 
at  the  outbreak  of  a  war.  In  addition  to  this  school  of  instruction  for  enlisted  men,  a 
new  branch  of  military  telegraphy  has  but  recently  been  added  to  the  course  for  officers 
at  the  **Ecole  Militaire  Superieure." 

Atairia, — Austria  was  one  of  the  first  countries  to  create  a  field  telegraph.  As  early 
as  1852  and  1853  the  war  department  had  a  field-telegraph-station  wagon  constructed 
which  took  part  in  the  military  exercises.  The  management  of  the  field  telegraph  is 
under  supervision  of  officials  of  the  state  telegraph,  who  also  perform  the  station  duty, 
and  soldiers  were  used  for  the  transport  of  material  and  building  of  lines;  but  this  or- 
ganization was  modified  by  an  imperial  order  in  1883,  which  created  a  regiment  of  rail- 
ways and  field  telegraphs.  In  time  of  peace  this  regiment  consists  of  two  battaliohs  of 
four  companies  each,  and  eighteen  non-commission^  officers  and  soldiers  of  each  of  these 
oompcmies  and  about  twenty  volunteers  of  one  year  are  in  each  year  especially  prepared 
for  the  tel^raph  service.    In  case  of  war  this  regiment  is  organized  as  follows : 

Three  directions  of  field  telegraph  of  the  first  line. 

Three  directions  of  field  tel^^ph  of  the  second  line. 

Forty-three  sections  of  field  telegraph. 

Three  sections  of  mountain  telegraph. 

Seven  companies  of  the  regiment  form  forty-two  sections  of  field  telegraph,  and  the 
eighth  company  forms  one  fi^d  section  and  three  mountain  sections.  These  latter  three 
sections  operate  in  mountainous  countries,  and  telegraph  material  is  carried  by  pack 
animals.  Each  field  section  comprises  1  officer  and  52  enlisted  men,  and  each  mountain 
section  1  officer  and  30  enlisted  men.  Each  direction  of  the  first  line  consists  of  2  offi- 
cers and  4  men  (1  operator  and  3  orderlies),  and  each  of  the  second  line  of  2  officers  and 
3  men  (1  operator  and  2  orderlies),  while  the  whole  is  under  supervision  of  a  director  of 
telegraphs,  with  a  captain  as  assistant 

Germany. — ^The  organization  of  the  military  telegraph  in  Germany  resembles  much 
that  described  for  France.  There  are  no  special  troops  as  operators,  and  in  time  of  war 
this  service  is  performed  by  employes  of  the  telegraph  department;  but  the  lines  are  built 
by  pioneer  soldiers,  and  the  supervision  of  the  line-works  is  in  the  hands  of  engineer 
officers.  At  the  outbreak  of  the  Franco-Prussian  war  in  July,  1870,  there  were  in  Prus- 
sia 4  deld  and  3  semi-permanent  telegraph  divisions;  these,  however,  were  soon  found 
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to  be  insufficient,  and  3  additional  field  and  2  semi-permanent  telegraph  divisions  were 
formed.  Including  the  Bavarian  and  Wurtemburgian  telegraph  troops,  the  entire  corps 
consisted  of  10  field  and  5  semi-permanent  telegraph  divisions.  In  the  Prussian  army 
each  field  telegraph  division  consisted  of  4  officers,  1  suigeon,  7  civilian  operators,  and 
135  non-commissioned  officers  and  privates;  each  semi-permanent  field  telegraph  division 
consisted  of  2  officers,  21  civilians  of  the  state  telegraph,  24  laborers,  and  87  non-com- 
missioned officers  and  privates.  This  corps  in  the  short  space  from  'June  10,  1870,  to 
August  10,  1871,  constructed  1,785  kilometers  of  field  lines,  804  kilometers  p^manent, 
and  reconstructed  8,285  kilometers  of  telegraph  lines,  and  the  number  of  stations  es- 
tablished amounted  to  611.  Since  then  50  complete  advance-post  telegraphs,  at  present 
used  for  fortification  service,  have  been  introduced,  and  a  war  telegraph  inspection  cre- 
ated. This  permanent  inspection  of  the  military  telegraph  is  stationed  at  Berlin,  and 
consists  of  a  colonel,  a  nugor,  and  4  engineer  officers.  It  has  charge  of  the  telegraph 
material,  testing  of  new  inventions,  study  of  the  organizations  of  foreign  military  tele- 
graphs and  kindred  subjects. 

In  1875  the  total  personnel  of  the  field-telegraph  column  consisted  of  36  engineer  offi- 
cers, 12  train  officers,  84  telegraph  officials,  1,080  pioneers,  and  600  train  soldiers;  add- 
ing to  this  the  surgeons  and  laborers,  the  total  strength  would  be  nearly  2,000  men. 

Russia, — ^This  country  has  a  permanent  telegraph  corps,  which  is  completed  at  the 
outbreak  of  a  war.  Civilians  of  the  state  telegraph  are  only  used  in  the  second  and  third 
line  of  the  field  telegraph.  In  1873,  when  the  army  was  reorganized,  seven  field  tele- 
graph parks  were  created,  stationed  at  St.  Petersburg,  Warsaw,  Riga,  Tifiis,  and  Klew. 
Eadi  park  consists  of  3  divisions,  viz,  1,  flying  division;  2,  semi-permanent  division;  and, 
3,  reserve  division;  and  each  division  has  a  strength  of  1  officer,  3  non-commissioned  offi- 
cers, and  35  privates.  The  organization  of  a  galvanic  service  of  the  engineer  corps  in 
1884  proves  the  great  appreciation  in  which  the  telograph  is  held  in  higher  military 
circles.  This  service  examines  all  discoveries  and  inventions  relating  to  telegraphs, 
mines,  and  torpedoes,  and  gives  advice  upon  their  adoption  for  army  use. 

i^n^tonc^.— Civilians  are  entirely  excluded  &om  the  organization  of  the  field  telegraph. 
The  permanent  corps  is  formed  of  Division  C  of  the  Royal  Engineers,  and  is  called 
*^ Royal  Engineer  Telegraph  Corps."  Besides  this  corps,  tvto  companies  of  the  Royal 
Engineers  are  always  under  instruction  in  telegraphy  at  the  Chatham  Telegraph  School. 
The  corps  is  stationed  at  Aldershot^  and  is  exercised  daily  in  train  drill  and  station 
duty,  and  takes  part  in  the  maneuvers.  It  consists  of  6  officers  and  245  men.  Strategi- 
cally, the  English  field  telegraph  is  divided  into  four  well-defined  branches: 

1.  State  and  fortification  telegraph. 

2.  Semi-permanent  telegraph. 

3.  Field  telegraph. 

4.  Visual  signals  with  fiags,  torches,  lights,  &c 

The  troops  receive  thorough  instruction  in  telegraphy  in  all  its  branches  at  the  school 
at  Chatham.  From  March,  1869,  to  April,  1872,  209  officers  and  323  men  received  a 
course  of  instruction  at  this  school. 

Spain, — Until  1876  the  telegraph  service  in  the  Spanish  army  was  performed  by  civil 
employ6s,  but  at  this  time  a  new  regiment  {El  Regimiento  Montado)  was  formed  from 
the  then  existing  engineer  troop,  consisting  of  pontoneers,  railway  troops,  and  the  field 
telegraph  personnel. 

The  ^^ Regimiento  Montado*^  is  divided  into  two  battalions  of  four  companies  each. 
Two  companies  of  the  second  battalion  form  the  field  telegraph  corps,  each  having  a 
(Strength  of  4  officers  and  233  men.  Each  company  is  divided  into  four  sections,  and 
the  eight  sections  of  the  telegraph  corps  carry  sufficient  material  (upon  the  backs  of  pack- 
-animals) to  construct  a  cable  line  of  220  kilometers  in  length,  and  to  establish  32  tele- 
graph, 32  heliograph,  40  acoustic,  and  8  advance-post  stations. 

The  recruits,  after  enlistment,  have  to  undergo  a  practical  and  theoretical  course  of 
instruction  in  electric  and  visual  telegraphy  nntU  fitted  for  the  duties  required  of  them. 

Belgium. — The  Belgian  field-telegraph  corps  is  composed  of  two  companies,  each  con- 
sisting of  4  officers  and  81  men,  which  force,  in  case  of  war,  is  increased  to  209  men. 
One  of  these  companies  has  charge  of  the  state  lines,  which  during  war  may  be  taken 
for  military  purposes,  and  the  other  has  charge  of  the  field  telegraph.  The  term  of 
service  of  these  operators  is  three  years,  and  during  this  time  the  men  receive  constantly 
thorough  practical  and  theoretical  instruction  in  the  different  branches  of  their  service. 

Holland, — The  Dutch  army  has  a  battalion  of  sappers  and  miners  of  eight  com- 
panies, one  of  which  is  a  company  of  railways  and  telegraphs  and  constitutes  the  tele- 
graph and  signal  corps  of  Holland.  This  company,  in  time  of  peace,  consists  of  6  offi- 
cers and  184  men,  and,  when  mobilized,  is  increased  by  recruiting  from  volunteers  and 
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employ^  of  the  state  teleg^pb,  who  must  be  acquainted  with  the  manipnlatioii  of  tele- 
graph in/itmmenta  and  optical  signals. 

Italy.-^The  military  telegraph  service  of  Italy  consists  of  six  oompanies  of  the  legnlar 
army,  diTided  into  two  divisions  of  three  companies  each,  and  of  two  oompanies  of 
militia-men,  the  whole  belonging  to  the  third  regiment  of  engineers. 

Each  company,  in  time  of  peace,  consists  of  4  officers  and  112  men,  which  numbers 
are  increased  to  6  and  250  respectively,  when  the  company  is  placed  on  war  footini^ 
One  of  these  companies  is  stationed  at  Borne  and  the  five  others  at  Florence,  and  each  re- 
ceives annually  special  technical  instructions  in  telegraphy. 

Sweden. — In  1871  a  field-telegraph  corps  was  created  in  Sweden,  consisting  of  one  com- 
pany, after  experiments  had  bmn  made  in  the  two  preceding  years  by  the  engineer  corps 
as  to  the  telegraph  material  most  suitable  for  the  circumstances  of  that  army.  This 
signal  company  is  stationed  at  Stockholm  and  consists  of  4  offlcersand  124  men.  When 
placed  on  war  footing  as  many  subdivisions  are  made  as  may  be  required,  but  each  will 
have  a  strength  of  1  officer  and  77  men.  The  training  of  the  telegiaph  soldier  consists 
of  a  general  military,  technical,  and  mental  culture,. besides  of  drilling  in  the  duties 
of  the  trained  soldier,  namely: 

(a)  Oeneral  military  training  consists  of  general  military  service  and  army  organiza- 
tion; sanitary  instruction;  infantxy  drill;  science  of  arms  and  target  practice;  march- 
ing; gymnastics  and  guard  duty. 

(6)  Technical  training  consists  of  practical'geometry,  mechanics,  and  surveys;  pioneer 
service  and  field-telegraph  service. 

(c)  Mental  training  consists  of  reading,  writing,  and  arithmetic. 

FortugaL — According  to  the  military  law  promulgated  in  1884,  the  Portuguese  arm  y 
comprises  a  regiment  of  engineer  troops,  consisting  of  two  active  battalions  of  four  oom- 
panies each,  and  one  reserve  battalion,  also  containing  four  companies.  The  second  com- 
pany of  the  second  battalion  constitutes  the  telegraph  corps  of  the  Portuguese  army. 
The  oi>erators  of  this  company  are,  when  in  the  field,  placed  directly  under  the  orden 
of  the  commander-in-chief. 

Switzerland, — ^The  military  telegraph  service  in  Switzerland  is  performed  by  the  engi- 
neer corps,  consisting  of  eight  battalions.  Each  of  them  constitutes  a  company,  which  is 
divided  into  two  sections,  namely:  thatof  telegraphs  and  that  of  railways.  The  duties  of 
the  former  consist  in  establishing  and  manning  field-telegraph  lines,  and  those  of  the 
latter  in  the  destruction  and  rebuilding  of  railways.  The  personnel  of  a  telegraph  sec- 
tion comprises  2  officers  and  38  men,  including  9  operators,  and  carries  sufficient  material 
for  the  construction  of  20  kilometers  of  line. 

Turkey. — During  the  Turko-Bussian  war  Turkey  had  no  oiganization  for  a  military- 
telegraph  service,  and  civilian  employes  performed  that  duty;  but  in  1882  a  Gterman 
envoy  was  sent  to  Ck)nstantinople  at  the  request  of  the  Turkish  Government,  witha  view 
to  reorganize  the  Turkish  army.  According  to  the  proposed  reorganization  the  Turkish 
aimy  was  to  consist  of  thirteen  army  corps,  each  containing  one  telegraph  company.  It 
is  not  known,  however,  at  this  writing,  whether  this  proposed  reform  went  into  efiect. 

Boumania, — The  engineer  troops  of  the  Boumanian  army  comprise  four  battalions  of 
five  companies  each.  The  first  company  of  each  battalion  constitutes  the  telegraph  and 
railway  company.  The  administrations  of  telegraphs  designates  the  force  and  jnat^ial 
necessary  to  complete  the  telegraph  sections  at  the  breaking  out  of  a  war,  and  the  per- 
mmnd  is  recruited  from  the  reserve  and  from  the  militia. 

ServicL — The  successive  transformations  in  the  Servian  army  since  the  Turko-Bussian 
war,  have  always  had  a  tendency  to  increase  the  military  force  of  the  new  kingdom. 
When,  therefore,  the  army  was  reorganized  with  the  beginning  of  the  y^r  18^,  the 
force  of  the  standing  army,  which  was  9,524,  was  a  little  more  than  doubled.  In  case 
of  war,  the  call  upon  the  reserve  increases  the  army  of  the  first  line  to  about  107, OOb 
men,  and  to  this  army  there  are  assigned  two  telegraph  sections,  whidh  are  form^  at 
the  moment  of  mobilization. 

Greece. — According  to  the  laws  of  1881,  regulating  the  organization  of  the  Greek 
army,  the  telegraph  duty  in  the  field  is  performed  by  18  civilian  employes  attached 
to  the  command  of  the  army. 

Korway, — ^There  is  at  present  no  regularly  organized  field  telegraph  or  signal  corps  in 
Norway,  and  the  duties  pertaining  to  that  branch  of  service  are  performed  by  the  engineer 
brigade. 

British  India. — In  India  there  exists  a  permanent  military  telegraph  company  which 
at  the  breakinjg  out  of  a  war  is  completed  by  qualified  military  operators  who  have  re- 
ceived instruction  either  in  England  or  India,  and  by  state  telegraph  officials,  and  this 
force  is  regulated  according  to  circumstances  and  the  needs  of  the  service.  Much  use  is 
made  of  optical  signals,  flags  by  day,  torches  by  night;  and  heliograph  by  day  and  night 
have  been  found  very  valuable  in  the  Indian  campaigns,  and  tJbe  troops  of  all  the  legi- 
menta  are  instructed  in  these  duties. 
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Japan. — ^The  field  tel^ispb  oorx»  of  the  Japanese  anny  was  first  organized  in  1880 
and  placed  nnder  the  control  of  the  general  staff.  According  to  the  present  form  of 
organization  operators  and  men  are  chosen  from  among  volonteers  only  who  have  passed 
the  required  examination,  and  the  term  of  service  is  seven  years.  The  operators  and 
line-men,  after  entry  into  the  service,  receive  a  special  course  of  instruction,  that  of  the 
former  lausting  one  year  and  that  of  the  latter  six  months.  This  corps  has  also  charge  of 
the  transmission  of  military  messages  by  means  of  optical  telegraphy.  The  total  foice 
of  this  corps,  indnding  officers,  reaches  207,  Which  number  is  increased  to  373  in  time 
of  war. 


APPENDIX    2. 

RULES  AND  REGULATIONS  FOB  THE  INDICATIONS  DIVISION. 
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iNSTBucnoNs  \  Signal  Office,  Wab  Depabtment, 

No.  34.      /  WaahingUm,  July  15, 1886. 

1.  The  rules  and  regnlations  for  the  indications  division  (Instmctiona  No.  22,  aeries  of 
1885)  are  amended  to  read  as  follows,  to  take  effect  August  1: 

2.  Before  taking  charge  of  the  indications  division  the  officer  assigned  will  report  to 
the  Chief  Signal  Officer  for  instructions.     (Ins.  13,  1884.) 

3.  The  indications  officer  will  have  charge  of  the  division  for  the  preparation  of  syn- 
opsis and  indications,  which  will  bo  designated  as  the  indications  division.  He  will  care- 
fully scrutinize  the  charts  and  latest  reports  and  call  the  especial  attention  of  the  indi- 
cations board  to  all  meteorological  conditions  requiring  their  action  under  the  regula- 
tions, and  will  at  all  times  keep  himself  informed  of  all  regulations  and  orders  referring 
to  the  work  of  the  division. 

4.  The  duties  of  the  indications  officer  will  not  be  assumed  by  another  officer  or  assist- 
ant except  in  an  emergency;  in  which  case  he  will  report  the  fact  to  the  Chief  Signal 
officer  at  the  next  office  hour,  and  the  officer  or  assistant  whose  duties  have  been  assumed 
will,  at  his  earliest  opportunity' 'make  a  detailed  report,  in  writing,  of  the  cause  of  his 
absence,  and  in  case  of  illness  the  statement  will  be  accompanied  by  a  medical  certifi- 
cate, as  prescribed  in  paragraph  2,  x>age  45,  of  the  General  Regulations.     (Ins.  2, 1886.) 

5.  He  will  report  for  duty  in  the  indications  division  at  9  a.  m.,  12  m.,  5  p.  m.,  and 
11  p.  m.  each  day. 

6.  He  will  examine  the  reports  carefally  to  discover  telegraphic  errors;  note  all  such 
errors  and  call  upon  the  telegraph  division  for  corrections  when  they  are  necessary  and 
can  be  obtained.  When  errors  or  doubtfUl  reports  are  disoovered  during  the  preparation 
of  the  charts  the  translator  will  at  once  call  for  a  repetition  of  the  report  when  practi- 
cable. 

7.  The  indications  officer  will  call  for  special  telegraphic  observations  to  be  taken  at 
such  stations  and  at  such  times  as  he  may  consider  necessary.     (Ins.  74,  1884.) 

8.  He  is  strictly  required  to  draw  his  own  isobars,  isotherms,  and  storm-tracks  upon 
the  weather  chart  (No.  1)  used  in  preparing  the  synopsis  and  indications. 

9.  He  will  verify  and  correct  the  copy  or  proof  of  the  synopsis,  indications,  and  special 
bulletins,  seeing  that  the  text  is  clear  and  legible,  and  will  attach  his  signature  to  the 
file  copies  kept  in  the  indications  division.  Ho  will  also  see,  as  far  as  may  be  in  his 
power,  that  the  indications  and  special  bulletins  are  given  the  widest  publication  where 
they  may  be  useful. 

10.  The  indications  officer,  during  his  tour  of  duty,  has  charge  of,  and  is  responsible 
for,  not  only  the  promptness  and  correctness  of  the  indications,  but  for  the  timely  de- 
livery of  the  copies  of  the  same  to  their  several  destinations  in  this  city,  and  for  the 
prompt  and  correct  printing  and  delivery  of  all  maps,  charts,  and  bulletins  at  this  office 
growing  out  of,  and  connected  with,  his  duties,  and,  so  far  as  is  necessary  to  their  proper 
performance  in  the  same  sense  that  an  officer  of  the  day  at  a  military  post  has  authority, 
he  is  authorized  and  directed  to  assume  such  control  as  will  enable  him  to  perform  all 
these  duties  correctly,  and  for  which  he  will  be  held  strictly  accountable.  (Idem.  32, 
1886.) 

11.  A  single  copy  of  the  synopsis  will  be  sent  to  the  publications  division  by  9.30  a. 
m.,  the  complete  synopsis  and  indiciitions  not  later  than  9.50  a.  m.,  and  the  special  bul- 
letin, when  i.ssaed  in  the  morning,  by  9.55  a.  m.,  and  the  indications  for  the  midnight 
report  will  be  completed  and  ready  for  the  messenger  by  12.45  a.  m. 

12.  For  the  mornin<;  weather  chart  the  indications  officer  will  make  tracings  of  the 
isobars,  isotherms,  and  storm-tracks,  from  the  original  charts  of  the  7  a.  m.  report,  as 
soon  as  practicable,  preferably  before  the  completion  of  the  indications.  These  tracings 
will  be  sent  to  the  lithographing  room  by  or  before  9.30  a.  ul  daily.  He  will  give 
close  attention  to  the  morning  weather  chart  until  it  has  been  actually  completed,  see- 
ing that  all  through  its  several  stages  the  work  is  correctly  done,  and  leaving  no  chaace 
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lor  cnoTBL    For  this  purpose  he  will  Tisit  the  printiiig  nxmi  and  inspeet  the  chart  when 
it  is  fixBt  stmdc  off  and  rmfj  it  hefore  allowing  the  edition  to  he  printed..    (Ins.  140, 

X004;>J 

13w  He  win  compare  each  txi-daily  indications  of  the  prerioos  dajr  with  the  oondi- 
tions  fsxhlbited  on  the  snooeeding  charts  corering  the  tune  for  which  the  indications 
are  made. 

14.  He  will  particularly  notice,  in  connection  with  the  stndj  of  charts,  the  rain  and 
diy-wind  charts,  the  charts  and  tables  of  normal  temperatures  and  normal  barometric 
pfCBBUTes  and  the  barometric  oscillations  for  the  seretal  stations,  the  charts  exhibiting 
arecige  directum  of  translation  of  low  barometers  (storm-tracks),  the  Monthly  Weather 
Review  and  its  charts,  and  the  file  of  tri-daily  diarts  and  prevailing  wind-directions. 
These  charts  should  be  examined  in  reference  to  the  corresponding  month  of  preceding 
yean,  and  to  the  months  preceding  and  succeeding  the  current  month.  Particular  at- 
tention should  be  given  to  the  study  of  the  cloud-areas  and  the  depression  of  the  dew- 
point  as  afiecting  probable  changes  of  temperature  and  rainfall  and  the  occurrence  of 
^     ■« 

fitMtt. 

15.  He  will  see  that  the  mounted  messenger  is  present,  with  horse  saddled,  at  the 
moment  the  indications  are  ready,  and  that  he  starts  immediately  at  a  rapid  pace;  any 
fiulurein  this  particular  will  be  riq[x>rted  in  writing.     (G.  O.  2%  1873;  Ins.  29,  1876.) 

16.  A  messenger  will  report  to  him  each  morning  at  8  o'clock  in  the  indications  di- 
▼irion,  and  continue  under  his  orders  until  after  the  completion  of  the  morning  duties. 
(Ins.  192, 1881.) 

17.  Messengers  will  not  be  intrusted  with  the  delivery  of  the  indications  until  they 
have  performed  this  duty  in  company  with  a  messenger  fiuniliar  with  the  routine  of  thiis 
work. 

18.  The  indications  officer  should  sleep  during  a  portion  of  the  afternoon,  or  between 
the  afternoon  and  midnight  reports,  as  tiie  fotigne  caused  by  this  duty  is  too  great  to 
permit  its  best  discharge  with  only  the  rest  which  can  be  obtained  between  the  midnight 
and  morning  reports. 

19.  Officers  on  duty  in  the  indications  division  are  excused,  during  the  time  of  their 
tour,  fiom  the  continuous  night-watch,  as  noted  in  paragraph  3,  page  80,  General  Reg- 
ulations, 1885,  but  may  be  required  to  remain  at  the  office  to  announce  the  progress  of 
storms  or  other  facts  connected  with  their  especial  duty  when  necessary.     (Ins.  14, 1878. ) 

BEFOBTS. 

20.  Form  434  (check-slip  for  indications  officer)  will  be  carefully  examined  by  the  in- 
dications officer  at  each  report,  and  as  each  item  of  the  report  is  completed  it  will  be  suc- 
cessively checked.  The  check-slips  will  be  sent  with  the  record-book  of  the  indications 
board  to  the  Chief  Signal  Officer  before  12  m.,  daily,  except  Sunday.     (Ins.  69,  1884. ) 

2L  A  tri-daily  report  of  the  time  of  completion  and  delivery  of  the  daily  publications 
of  the  indications  division  will  be  made  in  the  form  given  below.  The  indications  officer 
will  lay  these  three  reports  on  the  Chief  Signal  Officer's  table  not  later  than  12  noon 
daily. 
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Date. 


[Form  No.  42S  ^-1883.] 

Jndicaiiona  officered  tri-daiLy  report. 
Hour ..M ..M MM    MeiMonger'B  name. 


•••••••••• 
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To  whom  delivered. 


New  York  Aaeociated  Press. , 

United  Press  Association 

Western  Union  Telegraph  Company 

Bankers*  and  Merchants*  Telegraph  Co., 

Baltimore  and  Potomac  Depot. 

Secretary  of  War - , 

CrlUc 

Star 

Post 

Bepabliean^ 

The  Item,  Alexandria.  Ya. 

PoBtK>i&ce 

JoomaL. 

Herald , 

Capital 

Chronicle.. 

Repnblio 

Gazette...... ~ , 


I-- 

J 


S 


I 


III 


Signature  of 
receiver. 


Material  for  morning  map  delivered  to  printer  at a.  m. 

Blap  completed  and  in  hands  of  messenger  at a.  m. 

Messenger  left  at  — ^  m. 

I  certify  that  the  foregoing  is  a  true  return  for  the  report  and  date  named. 


IfydieaHon*  officer. 


NoTB.— The  midnight  indications  will  be  prepared  and  delivered  to  the  Asaoolated  Press  Compa- 
nies not  later  than  1.15  a.  m.  The  indications  officer  will  personally  fill  up  in  his  own  hand  the 
time  delivered  to  messenger  and  the  time  me«99enger  left ;  and  he  will  lay  these  reports  on  the  table 
of  the  Chief  Signal  OOloer  not  later  than  12  m. 

22.  Action  upon  telegrams  requesting  special  weather  indications  will  be  taken  at  once 
by  the  officer  in  charge  of  the  indications  division,  or,  incase  of  his  absence,  by  a  mem- 
ber of  the  indications  board.     (Ins.  Ill,  1884.) 


PK1ES8  BEFOBT. 

23.  Indications  will  be  prepared  at  each  report  for  all  States  east  of  the  Rocky  Mount* 
ains,  except  Colorado  and  the  eastern  portion  of  Dakota  Territory,  for  which  indications 
will  be  prepared  at  midnight  only.  The  prediction  for  Texas  will  apply  to  that  portion 
of  the  State  east  of  the  one  hundredth  meridian*  When  the  indications  are  completed 
for  fliny  State  its  name  will  be  crossed  off  the  check-slip  containing  the  names  of  Slates. 

24.  The  list  of  addresses  for  the  distribution  of  the  press  reports  and  special  bulletins 
will  be  posted  in  the  indications  division  and  kept  corrected  to  date.     (L.  R.  6679,  Mis. 
1884.) 

25.  A  slip  similar  to  the  form  given  below  will  accompany  the  morning  synopsis,  trac- 
ings, indications,  and  special  bulletin  sent  to  the  publications  division. 
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PSINTEB'S  SUP. 

,188— 

Synopsis  sent  to  printer « a.  m. 

Synopsis  received  by  printer a.  m. 

Map  sent  to  printer a.  m. 

Map  received  by  printer a.  m. 

Indications  sent  to  printer a.  m. 

Indications  received  by  printer , a.  m. 

Special  sent  to  printer a.  m. 

Special  received  by  printer a.  m. 

26.  When  signals  are  displayed  the  printer's  signal  check  (Form  No.  430c),  bearing 
check-mark  opposite  stations  at  which  signals  are  displayed,  will  accompany  the  morn- 
ing indications  sent  to  the  pablications  division. 

CHARTS. 

27.  The  foUomng  designation  is  adopted  for  indications  division  charts,  and  will  be 
written  in  bine  pencU  on  the  right-hand  lower  comer  of  each  leaf,  in  each  monthly  book 
of  tri-daily  charts,  together  with  the  name  of  the  officer  in  chaige  of  indications,  and  the 
date  and  number  of  the  tri-daily  chart  The  7  a.  m.,  3  p.  m.,  and  10  p.  m.  charts  being 
numbered  "i,"  **ii,"  and  **iii,"  respectively: 

Chart  1.  Weather. 

Chart  2.  Barometric  changes. 

Chart  3.  Temperature  changes. 

Chart  4.  Clouds. 

Chart  5.  Dew-points  and  local  storms. 

28.  In  the  preparation  of  these  charts,  pencils  of  different  colors,  as  prescribed,  will  be 
used.  When  not  otherwise  stated,  the  ordinary  black  lead-pencil  is  intended.  If  pos- 
sible, all  lines  traced  on  these  charts  will  be  extended  across  the  continent. 

29.  Charts  1  to  5,  inclusive,  for  August  15, 1886,  will  be  followed  as  models.  No 
change  will  be  made  in  the  form  of  any  of  these  charts  without  the  written  authority  of 
the  Chief  Signal  Officer.     (Ins.  53, 1881.) 

30.  Each  officer  in  turning  over  the  charge  of  the  indications  division  to  his  successor 
will  see  that  the  charts  are  completed  to  the  date  of  relief.     (Ins.  40, 1877.) 

31.  All  telegraphic  reports  received  by  mail  on  account  of  being  delayed  at  stations 
or  at  transfer  offices,  from  any  cause,  will,  as  soon  as  they  arrive,  be  translated  and  entered 
on  the  indications  charts.     (Ins.  16, 1884.) 

32.  On  all  charts,  data  received  too  late  for  use  in  current  indications  will  be  entered 
in  blue;  in  such  instences,  the  amount  of  precipitation,  if  any,  will  be  underscored  in 
red. 

33.  Chart  corrections  to  reports  will  be  given  in  blue  by  the  side  of  the  corresponding 
erroneous  data,  through  which  a  blue  line  will  be  traced. 

Chajit  1. 

34.  Chart  1  wUl  show  for  each  station:  (1)  temperature;  (2)  barometer  (reduced  to 
sea-level;  (3)  wind-velocity,  and,  when  reported,  the  maximum  velocity  since  last  reg- 
ular report;  (4)  the  amount  of  rain&U  (or  melted  snow);  (5)  the  state  of  weather;  (6) 
wind-direction;  (7)  ocean  swell  at  certain  sea-coast  stations. 

35.  Isotherms,  with  their  proper  figures,  will  be  drawn  in  blue  for  each  ten  degrees  of 
temperature,  in  fhll  lines;  when  doubtful,  in  broken  lines. 

36.  Isobars,  with  their  figures,  will  be  drawn  in  red  for  each  tenth  "of  an  inch  of  baro- 
metric pressure,  in  fhll  lines;  when  doubtful,  in  broken  lines.  The  words  **high"  or 
*'low-'  will  be  so  placed  as  to  show  the  relative  barometric  condition  of  the  regions 
marked. 

37.  Except  in  cases  of  unusual  gradient,  isotherms  and  isobars  will  not  be  drawn  to 
inclose  an  area  embracing  fewer  than  two  stations. 

38.  Storm-tracks;  the  position  of  the  storm-center  at  the  hours  of  observation  will  be 
indicated  by  a  small  circle  inclosing  a  plus  sign.  The  movement  of  the  storm-center  in 
eight  hours  will  be  indicated  by  a  line  of  plus  signs  connecting  the  circles  locating  the 
positions  of  the  storm-centers.  These  storm-tracks  will  be  traced  for  the  morning 
weather  map  when  the  location  of  the  storm-centers  can  be  given  for  three  or  more  re- 
ports. Figures  above  the  circles  for  storm-centers  will  indicate  the  dates,  and  figures 
below  the  circles  for  storm-centers  will  indicate  the  hour  of  observation.  An  arrow-head 
in  front  of  the  circle  for  the  last  storm-center  will  point  in  the  probable  direction  of  the 
storm  movement. 

The  following  example  is  given: 

©+4-  +  -l-+^  +  -l-  +  -t^ > 
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39.  The  wind- velocity  will  be  entered  as  received,  in  miles  per  hoar  if  registered;  if 
estimated,  bv  writing  **calm,"  ** light,''  *^high,''  &c.,  as  the  case  may  be.  Maximum 
wind-velocities,  when  reported,  will  be  entered  in  parenthesis  to  the  right  of  iHie  current 
velocity. 

40.  The  amount  of  precipitation  for  the  eight  hours  preceding  the  report,  if  any,  will 
be  entered  in  iaic^es,  tenths,  and  hundredths,  underscored  in  blue;  if  inappreciable,  a 
short  horizontal  line  will  be  drawn,  underscored  by  a  similar  line  in  blue.  The  absence 
of  precipitation  will  be  shown  by  the  figures  00. 

4 1.  The  direction  of  the  wind  will  be  shown  by  an  arrow,  flying  with  the  wind,  drawn 
through  the  center  of  the  station  circle. 

42.  The  state  of  the  weather  at  the  time  of  the  report  will  be  shown  thus:  Cloudy  by 
circle  fully  shaded ;  fair  by  circle  one-half  shaded ;  heavy  rain  by '  *  R. ' ' ;  light  rain  by  *  ^  r. " ; 
heavysnowby  **S.'';  light  snow  by  **s.";  threatening  by  "T.";  clearing  by  **C.";foggy 
by  * '  f. " ;  hazy  by  *  *  z. " ;  smoky  by  *  *  sm. '  * :  sleeting  by  * '  sit.  * ' ;  written  within  the  circle. 
A  thunder-storm  will  be  indicated  by  a  short  horizontal  line  in  red,  within  and  at  the 
Iwttom  of  ^e  circle.  Frost  will  be  written  in  full  near  the  circle  and  will  be  under- 
scored in  red,  prefixed  by  '^K''  or  '*L  "  to  denote  killing  or  light,  respectively. 

43.  The  ocean  swell,  from  sea-coast  stations,  will  show  the  direction  from  which  it 
comes  and  its  character  as  heavy  or  light,  thus:  Heavy  northeast  swell,  by  writing 
by  the  sideof  thestation,  *'Hy.  NE.,"  or  light  south,  thus:  ''Lt.  S.'' 

44.  All  reports  received,  other  than  the  tri-daUy  telegraphic  ceporta,  will  be  entered 
on  the  margin  of  the  chart,  with  the  hour  of  observation  noted. 

45.  The  absence  of  data  for  temperature,  barometer,  wind- velocity,  weather,  and  sea- 
.swell,  will  be  shown  by  a  short  horizontal  line  in  the  space  specified  for  the  data  itself. 

46.  The  absence  of  data  for  precipitation  will  be  shown  by  writing  in  its  place  *'  blk.'' 
Such  absences  will  also  be  noted  on  the  margin  of  the  chart. 

47.  Data  of  doubtful  accuracy  will  be  questioned  thus  ''?,''  and  by  a  note  on  the 
margin  of  the  chart;  marginal  notes  wUl  always  be  in  blue. 

48.  When  a  station  is  reported  as  missing  the  fiwst  will  be  indicated  by  drawing  a  short 

line  within  the  circle. 

Chast  2. 

49.  Chart  2,  barometric  changes,  requires  the  following  definitions  of  the  terms  used: 
An  actual  barometer  is  the  barometer  reading  corrected  for  temperature  and  instrumen- 
tal error  only. 

A  reduced  barometer  is  the  barometer  reading  corrected  for  temperature  and  insti'u- 
mental  error,  and  gravity,  and  reduced  to  sea-level. 

Abnormal  changes  in  barometer  (on  Chart  2)  are  changes  for  eight  hours,  with  the  di- 
urnal change  for  that  period  eliminated. 

Auxiliary  Charts, 

50.  In  connection  with  Chart  2  three  auxiliary  charts  are  used  to  show  for  each  sta- 
tion, by  figures  in  blue  near  the  '.rrcle^  the  mean  of  the  barometer  readings  (the  normal) 
for  each  tri-daily  report  of  the  current  month.  These  means  (except  for  Canadian  sta- 
tions for  actual  barometer)  are  for  the  reduced  barometer.  Within  the  circle  will  be 
shown  by  figures  in  blue  the  difference  between  the  mean  barometer  for  the  current  and 
that  of  the  preceding  observation.  This  difference  will  be  preceded  by  the  sign  -{-  when 
the  mean  for  the  preceding  observation  is  greater  than  the  mean  for  the  current  observa- 
tion, and  by  the  sign  —  when  it  is  less. 

51.  The  frequency  of  the  wind-direction  for  the  month  (including  calms),  at  the  sev- 
eral stations,  will  be  shown  on  the  a.  m.  auxiliary  chart  by  arrows  flying  with  the  wind, 
not  more  than  three  directions  being  given.  The  order  of  relative  frequency  will  be 
hho^n  by  blue,  red,  and  yellow  arrows,  respectively.  The  prevalence  of  calms  will  be 
indicated  by  drawing  a  circumierence  around  the  circle  of  station  of  the  proper  color,  to 
show  the  order  of  relative  frequency;  also  on  these  auxiliary  charts,  isobars  will  be  drawn 
in  red  to  show  each  tenth  of  inch  of  mean  reduced  pressure,  as  determined  for  each  of 
the  tri-daily  reports  of  the  month.  At  the  end  of  the  month,  these  charts  will  be  pasted 
in  the  l>ottom  of  the  book  of  charts  (Chart  2). 

52.  The  officer  of  the  stations  division  will  furnish,  for  each  month,  for  the  use  of  the 
indications  officer,  a  table  of  the  7  a.  m.,  3  p.  m.,  and  10  p.  m.  mean  readings  of  the  re- 
duced barometer  (the  normal),  except  for  Canadian  stations  for  which  means  of  the  act-  ' 
ual  barometer  will  be  given. 

Freparaiion  of  Chart  2. 

5.1.  On  Chart  2,  enter  within  the  circle  the  reduced  barometer  from  regular  stations 
throughout  the  United  States  and  the  actual  barometer  from  Canadian  stations  for  the 
gorrent  report. 
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The  difference  between  the  current  and  preceding  barometers,  after  being  increased  or 
diminiBhed  by  the  figore  in  bine  within  the  circle  on  the  aoziliaiy  chart,  according  to 
ito  +  or  —  sign,  will  be  entered  above  the  current  barometer  and  within  the  circle,  pre- 
ceded by  the  appropriate  +  or  —  sign.  This  result  will  represent  the  amount  of  abnor  - 
mal  chiuige  in  the  barometer  since  the  preceding  report.  Enter  the  difference  between 
the  current  barometer  and  that  of  the  previous  twenty-four  hours,  with  proper  sign  pre- 
iixed,  within  the  cihde  and  below  the  current  barometer. 

54.  Lines  in  blue  will  show  each  tenth  of  an  inch  of  abnormal  change  in  barometer 
daring  the  past  eight  hours,  with  the  amount  of  change  in  figureii,  with  the  sign  -f  to 
show  a  rise,  and  the  sign  —  to  show  a  fidl;  and  a  line  in  blue,  of  double  weight,  will  be 
drawn  through  the  points  of  no  abnormal  change  for  eight  hours,  with  the  signs  H-  aud 
— ,  each  on  its  appropriate  side. 

55.  In  a  similar  way  lines  in  red  will  be  drawn  to  show  each  tenth  of  an  inch  of  change 
in  pressure  in  twenty-four  hours,  with  corresponding  signs  and  figures,  and  a  line  in  red, 
of  double  weight,  will  be  drawn  through  points  on  the  chart  where  the  pressure  is  the 
same  as  reported  twenty-four  hours  previous,  with  the  signs  +  and  — ,  each  on  the  ap- 
propriate side  of  this  line. 

56.  Two  sets  of  corrections  will  be  prepared,  to  be  applied  to  the  barometer  reports  of 
the  first  day  of  each  month;  these  corrections,  with  proper  algebraic  signs  prefixed,  will 
be  written  without  the  cirde,  one  set  to  be  applied,  instead  of  the  differences  on  the 
auxiliary  chart,  to  the  7*a.  m.  report,  so  as  to  exhibit  the  true  abnormal  changes,  and 
the  other  set  to  the  three  reports,  so  as  to  exhibit  the  actual  twenty-four-hour  changes. 

Cbabt  8l 

67.  Chart  3,  temperature  changes,  requires  the  following  definitions: 

iictual  temperature  is  the  temperature  observed,  corrected  for  instmmental  error 
only. 

A  normal  temperature  is  the  mean  of  actual  temperatures. 

A  temperature  departure  is  the  difference  between  the  normal  temperature  and  the 
actual  temperature  for  a  given  report. 

Abnormal  changes  in  temperature  (on  Chart  3)  are  changes  for  eight  hours  with  the 
diurnal  change  for  that  period  eliminated. 

Auxiliary  charts. 

58.  In  connection  with  Chart  3,  three  auxiliary  charts  are  used  to  show  for  each  station, 
by  figured  in  blue  near  the  circle,  the  mean  of  the  temperature  readings  (the  normal) 
for  each  tri-daily  report  of  the  current  month.  Within  the  circle  will  be  shown,  by 
figures  in  blue,  the  difference  between  the  mean  temperature  for  the  current  and  that 
of  the  preceding  observation.  This  difference  will  be  preceded  by  the  sign  +  when  the 
mean  for  the  preceding  observation  is  greater  than  the  mean  for  the  current  observation, 
and  by  the  sign  —  when  it  is  less.  Isotherms  will  be  drawn  in  blue  to  show  each  ten 
degrees  of  normal  temperature.  At  the  end  of  the  month  these  charts  will  be  pasted 
in  the  bottom  of  the  book  of  charts  (Chart  3). 

59.  The  officer  in  chuge  of  the  stations  division  will  furnish  each  month  for  the  use 
of  the  indications  officer,  a  table  of  the  7  a.  m. ,  3  p.  m.,  and  10  p.  m.  means  of  the  actual 
temperature  readings  (the  normal)  for  each  station. . 

Preparation  of  Chart  3. 

60.  On  Chart  3  enter  within  the  circle  the  actual  temperature  of  the  current  report. 
The  difference  between  the  current  and  preceding  temperatures,  afler  being  increased  or 
diminished  by  the  figure  in  blue  within  the  circle  on  the  auxiliary  chart,  according  to 
its  -{-  or  —  sign,  will  be  entered  above  Ihe  current  temperature  and  within  the  circle, 
preceded  by  the  appropriate  +  or  —  sign.  This  result  will  represent  the  amount  of  ab- 
normal change  in  the  temperature  since  the  preceding  report.  The  difference  between 
the  current  temperature  and  that  of  the  report  twenty-four  hours  previous  will  be  en- 
tered, with  the  proper  sign  prefixed,  within  the  circle  and  below  the  actual  temperature. 

61.  Lines  in  blue  will  be  drawn  to  show  each  five  degrees  of  abnormal  change  of  tem- 
perature during  the  past  eight  hours,  with  figures,  and  the  sign  +  to  show  an  abnormal 
rise,  or  the  sign  —  to  show  an  abnormal  fall,  in  temperature;  and  a  line  in  blue,  of 
double  weight,  will  be  drawn  through  x>oints  of  no  abnormal  change  for  eight  hours, 
with  the  signs  -{-  and  — ,  each  on  its  appropriate  side. 

62.  Lines  in  red  will  be  drawn  to  show  each  ten  degrees  of  change  in  temperature  dur- 
ing the  past  twenty-fi>hr  hours,  with  figures  and  signs  corresponding;  and  a  line  in  red, 
of  double  weight,  will  be  drawn  through  points  on  the  chart  where  the' temperature  is 
the  same  as  reported  twenty-four  hours  previous^  with  the  signs  -^  and  — ,  each  on  the 
appropriate  side  of  this  line. 
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63.  A  set  of  corrections  will  be  prejMired  to  be  applied,  instead  of  the  differences  <hi 
the  aoziliaiy  chart,  to  the  temperature  changes  for  the  7  a.  m.  report  on  the  fiist  day  of 
each  month  so  as  to  exhibit  the  true  abnormal  changes  in  temperature. 

Chabt  4. 

64.  On  Chart  4  show  by  the  Signal  Service  cloud  symbols  the  cloud  conditions  prevail- 
ing over  the  country.  For  the  upper  clouds,  red,  placed  above  the  circle;  for  the  lower 
clouds,  blue,  placed  helow  the  circle. 

65.  The  area  of  complete  cloudiness,  when  for  more  than  one  station,  will  be  inclosed 
by  a  green  line  and  marked  ^. 

66.  The  direction  of  movement  of  the  clouds  will  be  shown  by  an  arrow  of  the  color 
used  for  liie  clouds. 

67.  The  stations  at  which  precipitation  has  fallen  since  the  previous  report,  and  is  not 
falling  at  the  time  of  report,  will  be  marked  within,  or  near,  the  circle  by  a  blue  cross, 
thus  X.  The  cross  will  be  omitted  from  stations  from  which  clouds  are  not  required  to 
be  sent. 

68.  Dense  haze  or  smoke  will  be  shown,  respectively,  by  writing  within  or  near  the 
circle  **  Z  "  or  '*SM,"  and  light  haze  or  smoke  by  "  z  "  or  "  sm,"  in  red  or  blue,  as  the 
conditions  belong  to  upper  or  lower  clouds. 

69.  Dense  fog  will  be  shown  by  writing,  in  blue,  ^*  F,"  within  or  near  the  circle,  and 
light  log  by  "f." 

70.  On  the  7  a.  m.  chart  will  be  entered,  within  the  circle,  the  minimum  temperature 
for  stations  east  of  the  Rocky  Mountains,  except  Key  West,  Fla.,  and  from  June  1  to 
August  31,  inclusive,  the  stations  on,  and  south  of,  the  parallel  of  Lynchburg,  Ya. 

71.  Isotherms  in  blue  will  be  drawn  lor  each  ten  degrees  of  minimum  temperature, 
as  explained  in  Chart  1 . 

72.  Temperatures  will  be  compared  with  temperatures  of  the  same  stations  for  the 
preceding  day,  and  the  difference,  prefixed  by  the  signs  -f  or  — ,  to  show  respectively  a 
nse  or  fall,  will  be  placed  immediately  without  the  circle,  and,  if  practicable,  to  the 
right. 

73.  A  line  of  double  weight,  in  red,  will  be  traced  between  the  +  and  —  differences 
to  indicate  no  change  in  minimum  temperature  in  one  day,  with  the  signs  +  and  — , 
each  on  its  appropriate  side. 

74.  From  May  1  to  September  30,  on  the  3  p.  m.  chart,  will  be  entered,  within  the 
circle,  the  maximum  temperature.    Isotherms  in  blue  will  show  each  ten  degrees  of 
maximum  temperature.    These  temperatures  will  be  compared  with  those  of  the  same 
stations  for  the  preceding  day,  and  the  difference,  and  sign,  will  be  placed  as  required 
in  the  case  of  minimum  temperatures. 

75.  A  line  of  double  weight,  with  proper  signs  in  red,  will  show  no  change  in  maxi- 
mum temperatures  in  twenty-four  hours. 

76.  On  the  11  p.  m.  chart,  the  character  of  the  sunset  will  be  shown  by  Signal  Service 
symbols,  i.  «.,  by  a  vertical  tangent,  equal  in  length  to  the  diameter  of  the  circle,  and 
drawn  on  the  west  side,  in  different  colors,  as  follows,  viz:  Fair,  by  red;  cloudy,  by 
blue;  green,  by  green;  yellow,  by  yellow. 

77.  When  auroras  or  halos  are  reported  from  stations  they  vnll  be  shown  on  this  chart 
by  a  circle  drawn  within  the  station  circle,  auroras  in  red,  halos  in  blue. 

CnABT  5. 

* 

78.  Chart  5  will  show  for  all  stations  (except  those  stations  not  required  to  send  the 
dew-point)  the  weather,  wind-direction,  temperature,  depression  of  the  dew-point  be- 
low the  temperature  of  the  air,  velocity  of  wind  at  the  time  of  observation,  and  the 
amount  of  precipitation. 

79.  The  data  wUl  be  entered  as  on  Chart  1,  except  that  the  depression  of  the  dew-point 
will  replace  the  barometer.  A  horizontal  line  will  be  placed  between  the  temperature 
and  the  depression  of  the  dew-point — thus,  y . 

80.  Isotherms  in  blue,  with  proper  figures,  will  be  drawn  for  each  five  degrees  of  tem- 
perature. The  isotherm  of  40°  will  be  made  of  double  weight  where  it  passes  over  a  re- 
gion in  which  the  depression  of  the  dew-point  is  8^  or  less.  Lines  in  red,  with  proper 
figures,  will  show  each  five  degrees  of  equal  depression  of  the  dew-point. 

81.  Carbon  lines,  of  double  weight,  will  separate  the  regions  of  northerly  and  south- 
erly winds.  The  letters  **N"  and  **S"  to  indicate  northerly  and  southerly  winds, 
respectively,  will  be  placed  on  the  appropriate  sides  of  these  lines. 

82.  Each  clerk  will  write  his  initials  in  the  lower  right-hand  comer  of  the  chart  pre- 
pared by  him,  and  he  will  be  held  responsible  for  the  correctness  and  completion  of  such 
chart  Before  leaving  the  chart  he  will  carefully  examine  all  figures  and  signs,  and 
will  correct  any  defects  in  spacing,  shape,  and  legibility.     In  ciise  of  delay  in  the  receipt 
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of  data,  he  will  complete  the  lines  at  the  fixst  opportDxiity  after  the  receipt  of  such  data. 
The  derk  entering  late  data  will,  at  the  same  time,  enter  the  eight  and  twenty-four  honr 
changes.     (L.  R.  6679,  Mis.,  1884.) 

DUTXJCU  OT  CLXSKS. 

83.  The  clerical  force  of  this  division  will  be  diy^ded  into  three  relieis:  The  first  re- 
lief from  8  a.  m.  nntil  11.30  a.  m. ;  the  second  relifif  from  3.30  p.  m.  until  relieved  by 
the  officer  in  chazge;  the  third  relief  from  10.30  p.  m.  until  relieved  by  the  officer  in 
charge. 

84.  In  the  absence  of  a  commissioned  officer,  the  senior  non-conunissioned  officer  pres- 
ent will  be  responsible  for  the  discipline  in  the  indications  division. 

65.  The  clerical  duties  of  this  diraion  will  be  equally  distributed,  and  derks^chaiged 
with  the  performance  of  regular  or  special  duties  will  be  assisted  by  clerks  who  have 
completed  the  duties  assign^  to  them. 

86.  The  clerks  will  be  designated  as  1,  2,  3,  4,  5,  and  6,  with  division  of  duty,  in 
regular  detail,  as  follows: 


A.M. 

P.M. 

Midniffht. 

dwrteiandS... 
Chart  1 ......... 

Chart  L, 

Clerk  8 •••^ •/ ••••••••••••••»••• 

Cbazts  4  and  5... 

Chart  1. 
Charts  4  and  8. 

Clerk  4 « 

Chart  2L.. 

Chart  2.. 

Clerk  5 ........'..m........ 

Chart  S„_ 

Charts. 

1 

Chart  2. 

87.  On  the  15th  day  of  each  mouth,  at  the  3  p.  ul  report,  each  cleric  will  assume  the 
duties  of  the  next  succeeding  number  as  indicated  above,  except  that  6  will  be  assigned 
to  the  duties  of  1. 

MOBKIKO  CLEBIOAL  DUTHS. 

• 

88.  The  derk  preparing  Chart  1  will  change  the  calendar;  prepare  for  use  the  printer's 
manifold  map,  dieck-slip  for  indications  officer,  tri-daily  report  of  indications  officer, 
printer's  slip,  signal-check  slip,  and  the  telegraph  blanks  for  morning  weather  and  tem- 
perature prolictions;  set  up  and  print  synopses  and  indications;  distribute  type;  file  a 
copy  of  the  7  a-  in-  indications  and  note  on  it  the- time  of  issue;  note  on  monthly  record 
the  time'of  completion  of  7  a.  m.  synopsis,  printer's  manifold  map,  indications  and  spe- 
cial bulletin,  and  the  10  p.  m.  iadications;  write  the  special  telegrams  and  signal  ordere, 
adjust  signal  board  as  the  names  of  stations  are  read  fh>m  the  signal  orders  by  the  indi- 
cations officer;  enter  signal  orders  in  record  books;  before  leaving  see  that  signals  are 
properly  carried  forward  in  the  signal  record  books,  and  that  they  agree  with  the  dis- 
play on  the  signal  boards;  enter  maximum  velocity  and  wind-direction  in  cautionary- 
signal  record  book;  file  cold- wave  orders  for  Washington  City  with  the  observer;  note 
that  all  of  the  tri-daUy  reports  of  the  indications  officer  are  returned  by  messenger, 
properly  timed  and  signed,  and  reetdy  for  the  teble  of  the  Chief  Signal  Officer;  return 
papers  for  file  in  correspondence  division  after  they  are  properly  checked  by  the  indica- 
tions officer;  see  that  all  messengers  detailed  are  thoroughly  capable  and  familiar  with 
their  duties;  also  on  Sunday  send  special  to  Professor  Caqimael;  place  new  blank  in 
cautionary-signal  record  book;  wind  dock.  Miscellaneous:  keep  a  list,  revised  to  date, 
showing  the  distribution  of  the  7  a.  m.  synopses,  indications,  and  special  bulletins; 
make  requiiritions  for,  and  keep  on  hand,  suffident  forms,  stationery,  printer's  material, 
&c,  for  a  month  in  advance;  keep  desk  supplied  with  message  blanks  corrected  to  date; 
keep  records  of  stetionery  expended,  charts  loaned,  changes  in  detail,  and  absences;  pre- 
pare monthly  roster,  and  tables  for  reference  for  desk  of  indications  officer. 

Other  morning  duties  will  be  performed  as  follows: 

Writing  special  bulletin  and  noting  time  of  issue  on  file  copy  by  clerk  preparing 
Charts  4  and  5. 

Writing  copy  of  the  special  bulletin  on  blackboard,  weekly  in  rotation,  in  the  follow- 
ing order:  by  derks  preparing  Charts  3,  2,  4  and  6.  The  clerk  performing  this  duty 
will,  after  completion,  file  in  the  indications  division  the  special  bulletin  used. 

Acting  as  clerk  for  indications  board,  except  Sundays  and  holidays,  daily,  in  rotation, 
in  the  following  order,  by  clerks  preparing  Charts  3,  1,  2,  4  and  5. 

Assisting,  when  necessary,  in  writing  spedal  telegrams  and  signal  orders;  entering  in 
signal-reconl  books,  &c.,  by  clerks  preparing  Charts  2,  3,  4  and  5. 
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ISeading  proof;  correcting  all  forms  to  date,  indading  telegraph  blanks  for  weather 
and  temperature  predictions;  preparation  of  auxiliary  charts;  noting  on  temperature 
and  barometer  charts  the  correction  to  be  applied  on  Ist  day  of  month,  by  clerks  pre- 
paring Charts  2,  3,  4  and  6. 

Filing  and  indexing  orders,  instructions,  and  memoranda,  by  derk  preparing  Chart  2. 

Preparing  charts  showing  mean  monthly  temperature  and  precipitation  and  mean 
quarterly  temperature  and  precipitation  for  use  in  preparation  of  special  monthly  and 
quarterly  bulletins,  by  clerks  preparing  Charts  2,  3,  4  and  5;  entering  data,  reported  on 
1st  day  of  month,  on  the  above  normal  precipitation  chart,  by  clerk  preparing  Chart  1; 
completion  of  this  chart  by  derk  preparing  Chart  2;  entering  data,  reported  on  1st  day 
of  month,  on  the  above  normal  temperature  chart,  and  completion  of  the  same  by  clerk 
preparing  Chart  3. 

AFTERNOON  CLERICAL  DTTTISS. 

89.  The  clerk  preparing  Chart  1  will  prepare  for  use  the  tri-daily  report  of  indica- 
tions officer  and  the  telegraph  blanks  for  afternoon  weather  and  temperature  predic- 
tions; enter  river  reports  and  changes,  in  feet  and  tenths,  on  Form  No.  130,  and  give 
river  changes  for  publication  in  feet  and  indies;  set  up  and  print  indications;  distribute 
type;  file  a  copy  of  the  3  p.  m.  indications  and  note  on  it  the  time  of  issue;  write  the 
special  telegrams  and  signal  orders;  adjust  signal  board  as  the  names  of  stations  are  read 
from  the  signal  order  by  the  indications  officer;  enter  signal  orders  in  signal-record 
books;  before  leaving  see  that  signals  are  properly  carried  forward  in  the  signal-record 
books,  and  that  they  agree  with  the  display  on  the  signal  boards;  file  cold- wave  orders 
for  Washington  City  with  the  observer;  note  that  messenger  has  returned  the  tri-daily 
report  of  indications  officer  for  the  previous  midnight;  see  that  all  messengers  detailed 
are  thoroughly  capable  and  familiar  with  their  duties;  keep  a  list,  revised  to  date,  show- 
ing the  distribution  of  the  3  p.  m.  indications;  file  Form  No.  130  in  the  record  book 
when  completed. 

The  clerks  preparing  Charts  2,  3,  4  and  5  will,  when  necessary,  assist  in  writing  spe- 
cial telegrams  and  signal  orders;  entering  signals  in  signal-record  books,  &c 

The  clerk  preparing  Chart  2  will  keep  a  list,  revised  to  date,  showing  the  regions  for 
which  weather  and  temperature  predictions  are  sent,  and  to  what  addresses,  with  the 
anthority  for  each  address  stated. 

The  derk  preparing  Chart  3  will  daily  prepare,  for  use  at  midnight,  a  set  of  tel^i^ph 
blanks  for  weather  and  temperature  predictions,  dated,  signed,  and  compared  with  the 
above  list.  He  will  also  place  with  this  set  the  blanks  for  the  Canadian  and  general 
"goodnight." 

MIDNIGHT  CLERICAL  DUTIES. 

90.  The  clerk  preparing  Chart  1  will  prepare  for  use  the  tri-daily  report  of  indi- 
cations officer,  and  note  that  the  messenger  has  returned  the  one  for  the  previous  report; 
notify  the  observer  to  send  for  the  nearest  assistant  when  the  indications  officer 
is  not  present  at  11.30  p.  m. ;  set  up  and  print  indications;  distribute  type;  file  a  copy 
of  the  midnight  indications  and  note  on  it  the  time  of  issue;  when  other  duties  will  per- 
mit, write  the  special  telegrams  and  signal  orders;  adjust  signal  board  as  the  names  of 
stations  are  read  from  the  signal  orders  by  the  indications  officer;  enter  signal  orders 
in  the  signal-record  books.  Before  leaving  see  that  the  "good  nights"  have  been 
entered;  that  signals  are  properly  carried  forward  in  the  signal-record  books,  and  that 
they  agree  with  the  display  on  the  signal  boards;  see  that  all  messengers  detailed  are 
thoroughly  capable  and  familiar  with  their  duties. 

The  clerks  preparing  Charts  2,  3,  4  and  5  wlU  write  the  weather  and  temperature 
telegrams,  and,  when  necessary,  assist  in  entering  data  on  Chart  1,  writing  and  entering 
signal  orders,  &c. 

The  clerk  preparing  Chart  3  will  file  cold-wave  orders  for  Washing  ton  City,  and  the 
Simpson  message  with  the  observer  on  duty  in  the  stations  division. 

PREPARATION  OF  STNOPSfS,  INDICATIONS,  SPECIAL  BULLETIN,   ETC. 

T%e  Synopsis, 

91.  The  following  statements,  briefly  made,  are  essential  to  the  ''synopsis": 

The  regions  of  the  highest  and  lowest  barometer,  and,  if  within  the  limits  of  the  chart, 
the  location  and  path  of  the  storm-center;  in  special  cases,  the  direction  of  movement  of 
areas  of  high  barometer;  for  the  several  States,  the  weather,  the  temperature,  and  the  wind 
direction;  special  temperatures  whenever  15^,  or  more,  above  or  below  the  normal;  heavy 
rainfalls  in  past  twenty-four  hours  at  sdected  stations;  and  all  changes  in  the  rivers, 
equal  to  or  exceeding  one  foot,  will  be  noted  and  briefly  stated,  thus:  ''The  rivers  have 
risen  (or  fallen)  at"  [here  give  the  names  of  stations  and  amount  of  change];  or  ''de- 
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cidedly  risen  (or  &llen)  at 


.>». 


or  give  the  namber  of  feet,  where  the  c  haoge  Ih 


remarkable.  When  the  river  is  near  or  above  the  danger  line  or  very  low  at  an  y  place, 
all  changes  will  be  noted.  When  the  probable  changes  may  be  of  great  importanc  e,  they 
will  also  be  mentioned  in  the  special  bulletin.  (G.  O.  28,  1873:  Ins.  3.  1881;  Ins.  69. 
1884.) 

92.  Special  temperatures  will  be  given  as  follows:  7  a.  m.  temperatures  from  June  1 
to  September  30,  from  Eastport,  Montreal,  Quebec,  Mount  Washington,  Cleveland,  Al- 
pena, Duluth,  Saint  Paul,  Denver,  San  Francif<co,  and  San  Diego;  and  from  November 
1  to  April  30,  the  3  p.  m.  temperatures  from  Washington  City,  Norfolk,  Sa\'annah,  At- 
lanta, Jacksonville,  Pensaoola,  New  Orleans,  Galveston,  Los  Angeles,  and  San  Diego. 

93.  The  synopsis  will  be  prepared  at  the  7  a.  m.  report  only,  and  will  apply  to  the 
preceding  tw6nty-four  hours.     (Mem.  109,  1886.) 


The  Jndicatuma. 

94.  The  indications  will  be  prepared  by  naming  the  States  or  parts  of  States  for  which 
each  indication  is  made. 

95.  The  following  statements,  briefly  made,  are  essential  to  the  '^  indications  ": 
Anticipated  fronts  and  freezing  weather  as  &r  in  advance  as  possible;  changes  antici- 
pated in  the  rise  and  fall  of  rivers;'  and,  at  the  close,  the  stations,  or,  whe  n  the  display 
is  general,  the  names  of  lakes  and  sections  of  the  sea-coast  where  signals  are  displayed. 
(G.  O.  28,  1873;  Ins.  13,  1877;  Ins.  46,  1881;  Ins.  69  and  131,  1884.) 

9G.  When  it  is  possible  to  make  the  same  prediction  of  weather,  winds,  and  tempera- 
ture apply  to  several  States,  such  States  may  be  grouped  together,  but  States  not  con- 
tiguous to  each  other  will  not  be  included  in  a  single  group. 

97.  Predictions  will  be  made  f^r  the  following  States,  which  will  be  named  in  indica- 
cations  in  the  order  given  below,  except  that  the  District  of  Columbia  wUl  be  placed 
first  on  the  line  in  which  it  occurs  (mem.  156, 1886);  the  expected  conditions  of  weather, 
winds,  temperature,  and,  in  cases  of  decided  change,  barometer,  for  the  twenty-four  hours 
following  the  next  telegraphic  report: 


States. 


Maine.. 

New  Hampobire... 
Vermont.. 


MasaachuBetfcs. 

Rhode  laUnd 

Connecticut u,.,. 

Eastern  New  York 

Eastern  Penosylvania..... 

Now  Jersey 

Delaware 

Distriot  of  Ck>lumbia...... 

Maryland 


TirKinia, 

North  Carolina...., 

Houth  Carolina 

Georgia 

Eastern  Florida.... 
Western  Florida... 

Alabama.. 

Mississippi 

Ix»uisiana 

Texas* 

Arkansas 

Tennessee 


Prediction. 


Kentucky 

West  Vindnia 

Western  Pennsylvania.. 

Western  New  York 

Ohio 

Indiana 

Illinois 

li^istem  Michigan 

Western  Michigan 

Wisconsin 

Minnesota. 

Ea.<<tern  Dakota  f 

Iowa 

Missouri... 

Nebraska 

Kansas 

Colorado  t~ 


*To  apply  to  that  portion  of  the  State  east  of  the  100th  meridiaa.    t  At  midnight  only. 
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Special  predictiOTia, 

98.  At  the  close  of  the  indications  prepared  from  the  10  p.  m.  reports,  such  indications 
of  weather,  storm  movements,  and  river  changes  will  be  added  as  it  may  be  possible  to 
make  for  the  succeeding  forty-eight  hours. 

99.  In  making  special  predictions  the  officer  in  charge  of  the  indications  division  may 
either  use  the  names  of  ge(^;raphical  divisions  or  name  the  States. 

100.  New  forms  of  expression  are  forbidden  until  approved  by  the  Chief  Signal  Officer. 

101.  The  use  of  the  following  words  is  prohibited  in  all  predictions:  Or,  mostly,  prob- 
ably, possibly,  pressure,  partly  cloudy,  occasionally  cloudy,  occasional  cloudiness, 
warm- wave,  easterly  to  southerly  winds,  and  similar  expressions  for  wind  direction. 

102.  When  practicable,  use  the  word  '' veering  ''  when  the  wind  changes  direction 
with  the  hands  of  a  watch,  and  *^  backing  "  when  it  changes  in  the  contrary  direction. 

Example  of  Synopsis. 

Washington  City,  Thursday,  November  17,  18—,  7  a.  m. 

8YKOPSI8  rOB  THE  PAST  TWEHTY-rOTTB  HOUBS. 

• 

103.  The  storm  which  was  central  yesterday  morning  north  of  Lake  Superior  has  moved 
eastward  and  is  now  central  In  the  lower  Saint  Lawrence  Valley.  The  buometer  is  low- 
est north  of  Maine  and  highest  in  Montana.  Rain  has  prevailed  in  the  lake  regions  and  the 
Ohio  Valley,  and  light  snows  in  the  Mi&souri  and  Upper  Mississippi  Valleys.  Genendly 
fair  weather  continues  in  the  Southern  States  and  on  the  Atlantic  coast.  The  tempera- 
ture has  risen  in  the  Southern,  Middle,  and  N^w  England  States,  the  Ohio  Valley,  and 
lower  lake  region;  it  has  fallen  decidedly  in  the  upper  lake  region,  and  thence  westward 
to  the  Rocky  Mountains,  and  a  '^cold  wave"  is  moving  eastward  from  Dakota  and 
Montana,  where  the  temperature  is  about  10^  below  zero.  Fresh  and  brisk  southerly 
winds  continue  on  the  Atlantic  coast.  Severe  southwest  to  northwest  gales  have  pre- 
vailed in  the  lake  regions,  and  the  winds  have  shifted  to  northerly  in  Minnesota  and 
Dakota,  and  thence  southward  to  Texas,  causing  the  temperature  to  faM  firom  20^  to  40^ 
in  the  States  north  of  Texas. 

The  following  special  temperatures  were  reported  at  3  p.  m.  yesterday:  Washington 
City,  45**;  Norfolk,  44**;  Savannah,  60**;  Atlanta,  54**;  Jacksonville,  71**;  Pensacola,  64**; 
New  Orleans,  73**;  Galveston,  63**;  Los  Angeles,  65**;  San  Diego,  67**. 

The  Ohio  River  has  risen  6  feet  at  Cincinnati  and  5  feet  at  Louisville.  The  Mississippi 
has  risen  4.6  feet  at  Saint  Louis,  2  feet  at  Cairo,  and  fallen  slightly  at  Memphis  and 
Vicksburg.  The  Cumberland  has  fallen  2.3  feet  at  Nashyille,  where  it  is  now  3  feet 
below  the  danger-line. 

Example  of  Indications, 
Washington  City,  Thursday  November  17, 18—,  10  p.  m. 

I!CDICATIO:7S  FOR  TWE5T7-F017B  HOT7RS  COXaCBSrCIKO  AT  7  A.  M.   OS  FRIDAY,  VOVEXBER  IS. 

104.  For  Maine,  New  Hampshire,  and  Vejinont :  Light  rains;  southwest,  shifting  to 
westerly,  winds;  lower  temperature;  rising  barometer. 

For  Massachusetts,  Rhode  Island,  and  Connecticut:  Fair  weather,  followed  by  rain;  brisk 
southerly  winds,  shifting  to  westerly;  decidedly  colder. 

For  Eastern  New  York,  Eastern  Pennsi/ltmnia,  New  Jersey,  ondDdaioare:  Cloudy  weather 
and  rain;  warmer  southerly,  shifting  to  much  colder  westerly,  winds,  with  a  cold  wave 
during  Saturday. 

For  the  District  of  Columbia,  Maryland,  and  Virginia :  Light  rains;  winds  shifting  to 
westerly;  warmer,  followed  by  colder,  weather;  lower  barometer. 

For  North  Carolina,  South  Carolina,  Georgia,  and  Eastern  Florida:  Fair,  slightly  warmer 
weather;  light  winds,  becoming  southerly. 

For  Western  Florida  and  Alabama:  Warmer,  fair  weather;  light  variable  winds. 

For  Mississippi,  Louisiana,  and  Texas :  Cloudy  weather  and  rain,  changing  to  snow  in 
northern  portions;  much  colder  northerly  winds,  and  a  severe  '* norther"  during  Satur- 
day; higher  barometer. 

FoT  Arkansas,  Tennessee,  and  Kentucky:  Rain  and  snow;  winds  shifting  to  colder  north- 
westerly, with  a  cold  wave;  higher  barometer. 

For  West  Virginia,  Western  PennsylvaniOj  and  Western  New  York :  Rain  and  snow; 
colder  northwest  to  southwest  winds,  increasing  in  force,  with  a  cold  wave  on  Saturday; 
higher  barometer. 
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For  OAio,  Indiana,  and  IlUnoU:  Bain  and  snow;  colder  and  freezing  weather;  brisk 
and  high  northwest  winds;  higher  barometer. 

ForEoiierm  Jfteft^wt,  Wetiam  Miekigati,  and  Wuetnuin:  Lightsnows;  colder  north- 
west winds,  dangerous  on  Lakes  Michigan  and  Huron. 

For  MinMaotOf  Eatterm  Dakoia^  Iowa,  and  Miuomri :  Light  snows,  followed  bj  lair 
weather;  colder  northwest  winds. 

For  Nebratika:  Lightsnows,  followed  by  colder  fair  weather;  northerly  winds,  becom- 
ing light  and  ▼ariable. 

For  .Crascw:  Lightsnows^  followed  by  colder,  fair  weather;  northerly  winds;  higher 
barometer. 

For  Colorado:  Fair  weather;  statLonaiy  temperatare;  light  Tariable  winds. 

RiVE]t8.-^The  Upper  Ohio  Biver  will  fall  slowly,  and  the  Lower  Ohio  will  rise  at  points 
between  Lonisrille  and  Cairo.  The  Lower  MissiaBippi  will  remain  about  stationary. 
The  Cumberland  and  Tennessee  will  continue  to  fikIL 

SiovALB.— Cautionary  northwest  si^oals  continue  at  stations  on  Lakes  Michigan,  Erie, 
and  Huron,  and  are  ordered  for  Indianola  and  Galveston.  Cautionary  on-shore  signals 
continue  at  stations  on  Lake  Ontario,  and  cautionary  southwest  signals  continue  on  the 
Atlantic  coast  from  Hatteras  to  Boston. 

Special  pbedigtions  fob  Satdbdat. — ^Frosts  and  fineezin^  weather  are  indicated 
for  the  States  in  the  ^liasouri  Valley  and  thence  southward  to*Northem  Texas.  Colder, 
fiiir  weather  is  indicated  for  Virginia  and  North  Carolina. 

Th^  Special  Bulletin, 

105.  Immediately  after  the  completion  of  the  synopsis  and  indications  from  the  a.  m. 
reports,  a  '*  Special  Bulletin  "  will  be  prepared  whenever  the  conditions  indicate  changes 
in  any  section  which  should  receive  special  mention.  In  the  bulletin  no  reference  will 
be  made  to  barometric  conditions,  and  all  technical  terms  will  be  avoided.  It  will  begin 
with  the  most  important  feature  as  determined  from  the  reports  of  the  last  twenty-four 
hours;  will  announce  the  approach  of  unusually  warm  weather  and  cold  waves;  of  frosts ; 
the  river  conditions  when  dangerous  floods  exist,  or  are  anticipated;  the  movements  of 
well-defined  storms,  giving  the  direction  and  naming  the  States  where  they  will  be  most 
severe;  the  amount  of  unusual  changes  in  temperature  in  general  terms,  and  the  cur- 
rent temperature  at  the  several  stations  where  the  change  has  been  greatest;  the  actual 
lalniall  equal  to,  or  exceeding,  1  inch  in  twenty-four  hours  for  selected  stations;  and 
will  contain  all  data  relative  to  cold- wave  signals.  Storms  and  cold  waves  will  be  treated 
as  specifically  as  possible,  and  their  progress  carefully  traced  and  announced  from  day 
to  day.     (Ins.  140, 1884.) 

106.  The  bulletin  will  dose  with  such  indications  of  weather,  storm  movements,  and 
river  changes  as  it  may  be  possible  to  make  for  the  succeeding  twenty-four  or  forty-eight 
hours.  The  indications  referring  to  the  movements  of  freshet  waves  in  any  part  of  the 
country  east  of  the  Bocky  Mountains,  when  practicable,  will  be  given  for  several  days 
in  advance,  and  telegraphed  to  the  observers  in  the  threatened  districts. 

107.  When  frosts  which  may  prove  injurious  to  crops  are  likely  to  occur,  the  bulletin 
will  contain  special  warnings  of  their  approach,  which  theofiioer  in  charge  will  telegraph 
to  the  observer  at  stations  in  the  threatened  districts,  with  directions  to  give  them  the 
widest  distribution. 

Example  of  Special  Bulletin. 

Washington  Citt,  February  25, 188—,  10  a.  xa. 

108.  A  severe  storm  is  now  central  over  the  upper  lake  region,  moving  easterly,  which 
will  cause  high  southerly,  shifting  to  westerly,  winds  in  the  States  bordering  on  the 
Atlantic. 

A  cold  wave  is  advancing  southeastward  from  Dakota;  its  influence  will  be  felt  in  the 
lake  regions,  the  Ohio  Valley,  and  Tennessee  and  west  Gulf  States  during  to-night,  and 
in  the  States  bordering  on  the  Atlantic  during  Friday. 

Tbe  temperature  has  risen  between  lO^vnd  20^  in  the  States  bordering  on  the  Atlantic, 
the  East  Gulf  States,  the  Ohio  Valley  and  Tennessee,  and  from  20''  to  30^  in  the  lake 
region;  it  has  fallen  from  10°  to  40**  in  the  Upper  Mississippi  and  Missouri  Valleys,  and 
from  20°  to  30°  in  the  western  portion  of  the  upper  lake  region. 

Tbe  following  stations  report  1  inch  or  more  of  rainfall  during  the  past  twenty-four 
hours:  Memphis,  1.44;  Grand  Haven,  1.29. 

Special  indications  for  Friday, — A  cold  wave  is  indicated  for  the  middle  Atlantic  States, 
the  south  Atlantic  States,  the  Ohio  Valley  and  Tennessee,  and  lower  lake  region.  The 
temperature  will  fall  from  20°  to  40°. 
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109.  The  10  a.  m.  special  balletin  will  be  printed  in  a  manner  similar  to  the  model 
on  file  in  the  correspondenoe  and  records  division,  and  will  be  posted  in  frames  at  all 
places  where  the  morning  weather  chart  is  displayed.     (Ins.  46,  1881;  Ins.  80,  1882.) 

110.  The  indications  officer  will  mark  in  red  pencil  snch  parts  of  the  synopsis,  indica- 
tions, and  special  bulletins  as  may  be  of  special  interest. 

111.  In  transmitting  the  synopsis,  indications,  and  special  bulletins,  the  officer  in 
charge  of  the  telegraph  division  will  cause  to  be  sent,  underlined,  the  portions  marked 
in  red  or  other  color.     (Mem.,  Dec.  29,  1884,  File  Mis.) 

The  Monthly  Special  BuOeiins. 

112.  On  the  first  day  of  each  month  the  officer  in  charge  of  the  Indications  division 
during  the  preceding  month  will  prepare  a  special  bulletin,  in  which  will  be  incorpo- 
rated general  remarks  on  the  mean  tempemtore  and  total  precipitation  of  that  month 
and  the  average  depth  of  snow  on  the  ground  at  the  end  of  the  month  in  the  several 
States,  together  with  brief  descriptions  of  damaging  frosts,  severe  storms,  &c.,  which 
may  have  occurred  during  the  same  period.  The  bulletin  will  close  with  special  direc- 
tions to  those  receiving  it  to  give  it  tiie  widest  publication.  A  copy  of  the  bulletin  will 
be  sent  direct  to  the  printer  before  3  p.  m.  of  the  first  day  of  the  month,  and  will  be 
printed  in  the  same  manner  as  the  special  bulletin.  The  edition  will  consist  of  300 
copies.     (Ins.  87  and  108,  1884.) 

113.  When  the  month  closes  a  season  there  will  be  given,  in  addition  to  data  for  the 
month,  the  mean  temperature  and  total  precipitatioh  for  the  season,  together  with  the 
departures  from  the  normal  temperature  and  precipitation  for  that  season. 

114.  The  officer  in  charge  of  the  stations  division  will  furnish  for  the  use  of  the  indi- 
cations officer  the  tables  of  mean  monthly  temperature  and  precipitation  and  mean 
quarterly  temperature  and  precipitation. 

Example  of  the  Monthly  Special  Bulletin. 
SPECIAL  BXTUjenir  fob  dxgembkb. 

Signal  Office,  War  Depabthsnt, 

Washington  City,  January  1,  1886. 

115.  The  month  of  December  has  been  generally  warmer  than  the  average  December 
temperatoie  in  all  States,  but  the  departure  from  the  normal  temperature  varied  only 
from  1°  to  3®  in  the  Northern  States  east  of  the  MississippL  In  the  East  Gulf  and  South 
Atlantic  States  and  in  East  Tennessee  the  temperature  was  slightly  below  the  normal  for 
the  month,  ^e  greatest  departure  being  along  the  east  Gulf  coast  and  in  northern 
Florida,  where  it  was  from  2^  to  3^  colder  than  the  average  December  temperature. 

In  ttte  Northwest  and  at  northern  and  central  Rocky  Mountain  stations  the  month  has 
been  unusually  warm,  the  average  temperature  ranging  from  6^  to  16**  above  the  normal, 
the  greatest  departures  being  reported  fVom  Montana  and  western  Dakota.  It  was 
slightly  warmer  in  all  districts  on  the  Pacific  coast  and  in  the  West  Gulf  States,  and  it 
was  about  3°  above  the  normal  in  New  England  and  the  Middle  Atlantic  States,  while 
at  stations  in  the  interior  of  Indiana  and  Ohio  it  was  slightly  below  the  normal.  The 
maximum  departures  firom  the  normal  occurred  at  the  following  stations:  Above  the  nor- 
maly  Fort  Assinaboine,  16°;  Fort  Buford,  16®;  Fort  Custer,  14°.9;  Deadwood,  11®.5; 
Helena,  10^.6;  Cheyenne,  6^.1;  Denver  and  Saint  Louis,  5^.8.  Below  the  normal,  Jack- 
sonville, 3°;  Pensaoola,  6° A;  Mobile  and  New  Orleans,  2^.1.  The  mean  temperature 
for  the  month  at  some  of  the  principal  stations  was  as  follows:  Boston,  33°;  New  York 
City,  Philadelphia,  and  Washington  City,  37°;  Jacksonville  and  New  Orleans,  63°;  Chi- 
cago, 31°;  Saint  Louis,  40°;  Denver,  36°;  Saint  Paul,  21°;  San  Diego,  66°. 

The  rainfall  for  the  month  has  been  generally  less  than  the  average,  except  in  the  cen- 
tral Pacific  coast  region  and  at  isolated  stations  in  the  Lake  regions  and  Northwest,  and 
along  the  East  Gulf  and  South  Atlantic  coasts,  where  an  excess  of  rainfall  is  reported. 
The  deficiency  ranged  from  2  to  4  inches  in  the  interior  of  the  East  Gulf  States  and 
Georgia,  and  thence  northward  to  the  Lake  regions  and  at  stations  on  the  West  Gulf 
coast.  In  New  England  and  the  Middle  Atlantic  States  the  rainfall  was  about  1  inch 
less  than  the  average  for  the  month.  The  maximum  departures  from  the  average  rain- 
fall occurred  at  the  following  stations:  Below  the  nonnoZ,  Atlanta,  3.4  inches;  Vicksburg, 
\i  inches;  Galveston,  2.8  inch^  Above  the  normal,  Jacksonville, 4. 9  inches;  Charleston, 
.3.7  inches;  Savannah,  2.1  inches;  Escanaba,  2  inches. 

The  snowfall  for  the  month  has  been  much  less  than  usual,  and  all  stations  east  of  the 
Rocky  Mountains  reporting  "snow  on  ground ''  at  the  end  of  the  month  were  north  of 
the  forty-second  parallel  of  latitude.    Eastport,  Oswego,  Alpena,  Saint  Paul,  Moorhead, 
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and  Helena  report  i  inch  of  8nov7on  the  groand  on  the  last  day  of  the  month;  La  Crosse 
and  Fort  Assinaboine,  1  inch;  Marquette,  Escanaba,  Denver,  and  Salt  Lake  City,  6 
inches. 

The  most  severe  storms  of  the  month  occurred  on  the  4th,  5th,  and  6th,  and  from  the 
26th  to  the  29th,  the  former  passing  over  the  Lake  r^ons  from  the  northern  Rocky 
Mountain  regions  and  the  latter  passing  along  the  Atlantic  coast,  the  center  at  no  time 
being  within  the  limits  of  the  stations  of  observation;  each  of  these  storms  was  followed 
by  a  cold  wave  which  extended  over  all  districts  east  of  the  Rocky  Mountains.  Killing 
frosts  occurred  in  the  lower  Rio  Grande  Valley  on  the  14th,  at  New  Orleans  on  the  15th, 
and  freezing  weather  occurred  in  northern  Florida  on  the  27th. 

WEATHEB  AXD  TEKPEBATUBE  SPECIALS. 

116.  The  indications  officer  will  send  daily,  for  the  regions  mentioned,  that  portion 
of  the  inditetions  relating  to  weather  and  temperature,  including  cold  waves  and  frosts, 
to  the  addresses  on  the  list  furnished  to  the  indications  division,  which  will  be  cor- 
rected monthly. 

117.  These  messages,  except  those  addressed  to  observers  and  to  the  superintendent 
of  the  Alabama  weather  service,  Auburn,  Ala.,  will  contain,  in  addition  to  the  pre- 
diction, the  symbols  for  the  same. 

118.  The  following  are  the  symbols  referred  to: 

WEATHEB  AND  TEMPEBATUBB  SIGNALS. 

Sun.  Crescent.         Star. 


f  Sun — higher  temperature. 
Red  i  Crescent — lower. 
(  Star — stationary. 

(  Sun — general  xain  or  snow. 
Blue  <  Crescent — dear  or  fair  weather. 
I  Star— local  rain  or  snoW. 

119.  In  case  of  divided  predictions,  the  signal  for  weather  may  consist  of  two  symbols, 
but  the  signal  for  temperature  will  consist  of  only  the  ^mbol  representing  the  last  por- 
tion of  the  prediction. 

120.  Messages  containing  the  weather  and  temperature  symbols  for  the  midnight  pre- 
diction, but  with  the  prediction  omitted,  will  be  sent  to  the  addresses  on  the  list  fur- 
nished to  the  indications  division,  which  will  be  corrected  monthly. 

121.  The  foregoing  lists,  revised  to  date,  will  be  kept  posted  up  in  the  indications  di- 
vision, and  will  be  changed  only  on  memorandum  orders  received  from  the  officer  in 
charge  of  the  correspondence  and  records  division. 

122.  The  officer  in  charge  will,  whenever  possible,  telegraph  probable  changes  in  the 
weather  in  the  Lake  regions  and  Upper  Mississippi  and  Missouri  ValleyB  to  the  observer 
at  Baltimore,  Md.,  who  will  furnish  a  copy  to  the  secretary  of  the  Baltimore  Com  and 
Flour  Exchange.     (Ins.  28,  1883.) 

6T0BM  WABNINOS  (SIGNALS). 

123.  Cautionary  signals  will  be  ordered  whenever  the  indications  officer  considers  it 
probable  that  there  wUl  occur  within  100  miles  of  the  station  on  any  navigable  water,  a 
vrind- velocity  dangerous  to  navigation,  t*.  e.,  reaching  a  velocity  of  35  miles  an  hour. 
If,  at  the  next  regular  report  following  the  ordering  of  signals,  it  appears  that  the  d^i- 
ger  is  not  so  imminent  as  to  justify  the  display,  the  signal  will  be  ordered  down. 

124.  The  following  table  of  verifying  velocities,  fhmished  to  stations  of  the  second 
order,  shows  the  velocity  of  the  wind  which  should  occur  at  any  station  to  verify  a  cau- 
tionary-signal display;  this  verifying  velocity  is  based  upon  a  velocity  of  35  miles  per 
hour  occurrinsc  within  100  mUes  of  the  station. 
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Station. 


Station. 


c  ^ 


Indianola........« 

Galveston 

New  Orleans 

Mobile ^ 

Penaaoola 

Cedar  Keys. ^ 

Key  West 

Jacksonville 

Savannah 

Cfaarleaton 

Wilmini^ton 

Smitbville 

Fort  2(fooon. 

HatteTas 

Kitty  Hawk 


MUea. 
33 
27 
24 
27 
26 
29 
80 
80 
28 
28 
23 
30 
85 
28 
SS 


Cape  Henry 

Norfolk 

Baltimore 

ChinooteaflTue... 
Atlantic  City.... 

Sandy  Hook 

New  York  City 

New  Haven 

New  London.... 
Block  Island.... 

Boston 

Portland,  Me.... 

Eastport 

Oswego 

Buffalo 


MiUa. 
85 
20 
19 
84 
22 
35 
25 
23 
22 

a5 

29 
28 
28 
80 
33 


StaUon. 


Erie 

Cleveland „ 

Sandusky 

Toledo.............. .......... 

Detroit. «..,.... 

PortHuron «...,..... 

Alpena 

Mackinaw  City 

Grand  Haven................... 

Milwaukee 

Escanaba. 

Marquette ....................... 

Duluth, 


lOsi. 

29 
27 
85 
27 
28 
28 
27 
28 
83 
22 
83 
28 
27 
20 


(L.  S.,  AprU  20  and  June  17,  1886.) 

125.  On-shore  signals  will  be  ordered  whenever  the  indications  officer  oonsidezb  it  prob- 
able that  there  wSl  occor  at  any  caationary-eignal  station  on  the  lakes,  taking  ohserva- 
tions,  winds  blowing  in  an  on-shore  direction  with  a  velocity  between  20  miles  per  hour 
and  Ihe  verifying  vSocity  for  cautionary  signals.  It  will  not  be  displayed  at  tiie  same 
time  with  the  cautionary  signal. 

126.  The  following  table  shows  for  each  station  on  the  lakes,  taking  observations,  the 
wind  velocities  for  which  an  on-shore  signal  should  be  displayed: 


station. 


Osweso 

Buffalo......... 

Erie ... .... 

Cleveland..... 

Sandusky 

Toledo .....«». 

Detroit 

Port  Huron.. 


Velocities. 


MUes, 
20  to  29 
20  to  82 
20  to  28 
20  to  26 
20  to  84 
20  to  26 
20  to  27 
20  to  27 


Station. 


VelodUes. 


Alpena 

Mackinaw  City..... 

Grand  Haven... 

Chicago... 

Milwaukee 

Escanaba.. 

Marquette 


jroet. 

20  to  26 
20  to  27 
20  to  82 
20  to  21 
20  to  81 
20  to  87 
20  to  26 
20  to  25 


127.  The  following  table,  fhmished  to  stations  on  the  lakes,  taking  observations, 
shows,  for  each  station,  the  direction  from  which  the  wind  must  blow  in  order  to  verify 
the  display  of  an  onshore  signal: 


station. 


Oswei 

Buffalo 

Erie 

Cleveland..., 
Sandusky.... 
Toledo......... 

Detroit 

Port  Huron. 


Direction. 


NW.toNE. 
BW.  to  NW. 
NW.  to  NE. 
NW.  to  NE. 
NW.  to  NE. 

N.  to  E. 

SE.  to  SW. 

NW.  to  NE. 


Station. 


Alpena 

Mackinaw  City 
Grand  Haven.. 

Chicago 

Milwaukee 

Escanaba 

Marquette 

Duluth 


Direction. 


NE.  to  SE. 

SW.  to  NW. 

SW.  to  NW. 

NE.to8E. 

NE.to8B. 

B.toS. 
NW.toE. 
Nfi.to8E. 


(L.  S.,  April  20  and  June  17,  1886.) 

128.  When  practicable,  the  indications  officer  will  hoist  a  direction  signal  with  the 
cautionary  signal.  The  direction  signal  will  be  hoisted  for  winds  expected  from  either 
of  the  following  quadrants,  viz.,  between  north  and  east,  east  and  south,  south  and  west^ 
and  west  and  north.  These  quadrants  will  be  known  as  the  northeast,  southeast, 
southwest)  and  northwest  quadrants. 

129.  Signals  will  be  ordered  up  in  the  words  ''Hoist  cautionary  and  northeast^"  &c., 
or  **  Hoist  cautionary,"  or  **  Hoist  northeast,'*  &a,  or  **  Hoist  on-shore,"  &c.  The  di- 
rection signal  will  be  changed  by  the  words  *  'Change  southeast  to  northwest, ' '  &c.  Sig- 
nals will  be  ordered  down  in  the  words  **  Signals  down." 
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130.  On*8hore  •sigiials  will  be  changed  to  caationaxy  in  the  words  *'  Change  on-shore 
to  caationaiy  and  northwest,"  Sk.  Caationary  signals  will  be  changed  to  on-shore 
signals  by  the  words  *' Change  caationary  to  on-shore." 

131.  The  receipt  of  an  order  to  lower  a  signal  at  a  caationary  station  will  not  canse  it 
to  be  lowered  nntil  the  wind  falls  below  the  yerifying  yelodty  for  that  station.  The 
observer  will  acknowledge  the  order  at  once  nnless  the  indications  officer  directs  in  the 
order  to  ** acknowledge  when  the  signal  is  lowered."  This  will  permit  the  indications 
officer  to  order  down  a  signal  as  soon  as  he  sees  indications  of  the  abatement  of  the 
storm,  and  thereby  prevent  the  display  of  a  signal  after  the  storm  has  passed. 

132.  To  provide  farther  against  the  display  of  signalB  after  the  storm  has  prevailed, 
observers  are  anthorized  to  wire  the  fact  to  this  office  if  the  wind  falls  below  the  verify- 
ing velocity  daring  a  display,  provided^  (1)  he  has  no  order  to  lower,  (2)  that  the  wind 
is  westerly,  (3)  that  the  barometer  is  rising,  (4)  and  that  it  is  more  than  one  hoar  be- 
fore the  next  tri-daily  observation.  Upon  the  receipt  of  each  a  telegram  the  indications 
officer  will  decide  whether  the  signal  shoald  be  lowered  at  once. 

133.  The  indications  officer  wiU  assume  the  undivided  responsibility  for  the  display 
or  lowering  of  all  signals.  Conditional  orders  for  snch  display  or  lowering  will  not  be 
issaed.     (Ins.  15,  1886.) 

134.  Whenever  cantionaxy  signals  are  ordered  for  a  storm  and  the  danger  fiom  the 
storm  has  passed,  and  the  signals  are  continned  in  anticipation  of  a  second  dangerous 
storm,  a  special  explanatory  message  will  be  sent  to  the  stations  interested.  (Ins.  63, 
1880.) 

135.  Sixteen  hoars  on  the  lakes,  and  twenty-fonr  hours  elsewhere,  is  a  sufficient  time 
to  hoi^  a  cautionary  or  on-shore  signal  previous  to  the  arrival  of  the  storm.  If  a  sig- 
nal remains  hoisted  for  more  than  twenty-four  consecutive  hours  before  the  arrival  of  a 
verifying  velocity  on  the  lakes,  and  thirty-two  hours  elsewhere,  it  shaU  be  oonsidered  a 
fiulure.  In  veniyiag,  if  the  non-verified  display  is  continued  over  the  above»mentioned 
time,  it  shall  be  considered  a  new  display.  This  paragraph  will  only  B;pp\y  to  stations 
having  night  telegraph  service. 

136.  On  account  of  there  being  no  night  telegraph  service  at  stations  not  taking  ob- 
servations, indications  officers  w^  send,  if  practioE^le,  signal  orders  to  such  stations  on 
or  before  5  p.  m.,  daily,  except  Sunday,  and  on  Sundays  before  10  a.  m. 

137.  The  indiofctions  officer  will  send  with  all  cautionary  or  on-shore  signal  orders,  and 
as  often  during  the  display  as  he  oonsiders  necessary,  to  the  follovring  stations:  Duluth; 
Milwaukee:  Mackinaw  City;  Detroit;  Cleveland; Oswego;  Boston;  New  Haven;  Norfolk; 
Savannah;  Cedar  Keys:  New  Orleans;  Marquette;  Chicago;  Alpena;  Toledo;  Erie;  East- 
port;  NantudEot;  New  York  City;  Wilmington;  Jacksonville;  Pensaoola;  Galveston;  £s- 
canaba;  Grand  Haven;  Port  Huron;  Sandusky;  BufBdo;  Portland,  Me.;  New  London; 
Baltimore;  Charleston;  Key  We8t;.Mobile;  a  telegram  giving,  as  near  as  possible: 

(1)  The  location  of  the  storm-center  and  probable  direction  it  will  move. 

(2)  The  probable  diiecti<m  of  wind  in  next  eight  or  sixteen  hours,  and  the  direction 
it  is  expected  to  shift 


(3)  The  probable  time  the  storm  will  oease  to  be  dangerous. 

(4)"  -   --  -         


The  probable  state  of  weather  in  next  eight  or  sixteen  hours,  whether  rain,  snow, 
or  fog,  and  whether  higher  or  lower  temperature. 

138.  When  cautionary  signals  are  ordered  up  or  down  at  the  stations  on  the  lakes  or 
the  Gulf,  notification  w&l  m  sent  by  telegraph  to  other  stations  in  the  same  locality,  as 
directed  below.  The  notification,  besides  tne  information  that  "up"  or  "down  sig- 
nals." &C.,  are  ordered  for  other  stationsy  will  contain  so  much  of  the  explanatory  mes- 
sage embraced  in  the  cautionary  order  as  will  be  d  general  importance  to  the  stations 
receiving  it. 

139.  When  cautionary  signals  are  ordered  up  or  down  at  any  of  the  stations  on  the 
Gulf  coast,  viz..  Key  West,  Cedar  Ken  Pensaoola,  Mobile,  New  Orleans,  Galveston,  and 
Indianola,  notifications  will  be  sent  to  all  of  these  stations,  except  Indianola^  when  the 
indications  officer  oonsiders  it  probable  that  the  storm  for  which  the  signals  are  ordered 
will  cause  dangerous  winds  in  the  r^on  of  the  station  to  be  notified.  This  paragraph 
refers  only  to  stations  taking  observations. 

140.  When  cautionary  signals  are  ordered  up  or  down  on  the  lakes,  notifications  will 
be  sent  to  stations  as  follows: 

(1)  Signals  ordered  on  Lake  Superior,  to  stations  on  Lakes  Sax>erior,  Huron,  and  Mich- 
igan; (2)  signals  ordered  on  Lake  Michigan,  to  stations  on  Lakes  Michigan,  Huron,  and 
Erie;  (3)  signals  ordered  on  Lake  Huron,  to  stations  on  Lakes  Huron,  Erie,  and  Ontario; 
(4)  signals  ordered  on  Lake  Erie,  to  stations  on  Lakes  Erie,  Ontario,  and  Huron,  and  to 
Mackinaw  City;  (5)  signals  ordered  on  Lake  Ontario,  to  stations  on  Lnke  Ontario.  When 
cautionary  signals  have  been  ordered  at  one  or  more  stations  on  one  of  the  lakes  and  doe 
notification  has  been  given,  notification  of  the  ordering;  of  additional  signals  on  that  lake 
will  not  be  sent  to  stations  on  other  lakes.    Tliese  notifications  apply  to  orders  to  dis- 
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play,  or  lower,  cautionary  signals  only,  and  not  to  on-shore  signals.     This  paragraph  re- 
fers only  to  stations  taking  obeerrations. 

141.  The  kind  of  signal  shown  at  Sandy  Hook,  N.  J.,  will  be  the  same  as  that  at  New 
York  City.    (Ins.  1,  1884.) 

142.  All  cantionaiy  signals  received  at  Indianola,  Tex.,  will  be  repeated  to  the  ob- 
server at  Brownsville,  Tex.     (Ins.  19, 1885. ) 

143.  The  officer  in  chaige  may  give  a  more  extended  notification  of  the  ordering  of  sig- 
nals when,  in  his  opinion,  necessary.     (Ins.  91,  1882.) 

144.  Display  boards  showing  stations  where  cautionary  signals  are  up.  together  with 
thekmd  of  sigual,  will  be  kept  in  the  indications  division.     (L.  R.  6679,  Mis.,  1884.) 

145.  The  officer  in  charge  will  verify  the  orders  for  display  and  discontinuance  of  sig- 
nals and  the  record  on  the  cautionary-signal  board,  after  which  the  order  will  be  num- 
bered and  entered  in  the  cautionaiy-signal  order  book  and  sent  to  the  telegraph  room. 

146.  At  midnight,  after  completing  the  press  report  and  special  telegrams,  and  issu- 
ing the  necessary  signal  orders,  if  any,  the  '* good-night"  message  will  be  prepared, 
copied  in  the  *' signal-order  book,"  vermed,  and  sent  to  the  telegraph  room. 

147.  Cautionary  signals  will  be  ordered  for  Baltimore,  Md.,  whenever  a  storm  is  an- 
ticipated on  the  Delaware,  Haiylaad,  or  Virginia  CQast&  They  will  be  oonsklered  justi- 
fied if  the  wind  reaches  the  verifying  Telocity  at  any  station  within  that  section. 

146.  The  observer  at  Key  West,  Fla.,  is  authorised,  except  when  signals  are  ordered 
by  the  indications  officer,  to  dx^lay  and  lower  cautionary  signals  at  that  station  at  his 
discretion,  reporting  such  action  immediately  by  telegraph  to  this  office.  Each  telegram 
will  contain  all  essential  information  of  the  movement  and  character  of  the  storm.  (Ins. 
171,  1881.) 

149.  Cautionary-signal  orders  for  Nantucket  will  be  made  out  on  Form  No.  206,  in 
the  same  manner  as  stations  receiving  orders  direct. 

150.  The  ibllowing  ibrm  (No.  206)  is  used  in  sending  signal  orders: 

[Form  No.  200.} 


ToObaerrer: 
Indlanola, 
Galveston, 
M^wOrIe«ii«. 
Mobile, 
Penaaoola, 
Oedar  Keys, 
Key  West, 
Jaokaonville, 
Jaokflonyille  Section, 
Savannah, 
Savannah  Section, 
Gharleaton, 
Witaninffton. 
Wilmington  Section, 
Norfolk  Section, 
Norfolk. 
Tort  Monroe, 
Baltimore, 
Ghincoteasne, 
Gape  HenMpen, 


Wab  Depabtmskt,  Signal  Sbbvice,  U.  S.  Abmy, 

WoBhinffton,  D,  C, ,  188—,  —  m. 


N.  J.  Coast  Section, 

Sandy  Hook, 

New  York  City, 

New  Haven, 

New  London, 

Newport  Section, 

Narragansett  Section, 

Nantucket, 

Wood's  Holl  Section, 

Boeton. 

Boston  Section, 

Portland, 

Portland  Section, 

Eastport, 

Oswego, 

Oswego  Section, 

Rochester, 

Buffalo, 

Erie, 


i 


Erie  Section, 

Cleveland, 

Sandusky, 

Toledo, 

Detroit, 

Saginaw  Bay  Section, 

Port  Huron, 

Alpena, 

Mackinaw  City, 

Grand  Haven, 

Grand  Haven  Section, 

Mackinaw  Section, 

Chicago, 

Milwaukee. 

Milwaukee  Section, 

Green  Bay  Seotion, 

Escanaba, 

Marquette, 

Duluth. 


Hoist 
Change 


Cautionary, 

On-ehore, 

On-ehore  to  Cautionary, 

Cautionary  to  On-8hore, 


Northeast, 
Southeast. 
Southwest, 
Northwest, 


Signals  down. 


Here  follows  a  telegram  giving,  as  near  as  possible :  (1)  The  location  of  the  storm-center  and  prob- 
able direction  it  will  move.    (2)  The  probable  direction  of  wind  in  nezteightor  sixteen  hours  and 
the  direction  it  is  expected  to  shift.    (3)  The  probable  time  the  storm  wiU  cease  to  be  dangerous 
(4)  The  probable  state  of  weather  in  next  eight  or  sixteen  hours,  whether  rain,  snow,  or  fog.  and 
whether  higher  or  lower  temperature. 


(Signed) 
Time  filed, 


Time  ordered  to  station. 


By  order  of  the  Chief  Signal  Officer. 


i)6  EEPORT   OF   THE   CHIEF   SIGNAL   OFFICER. 

STOBM  WASNINGS  (CANADIAN  SERIES). 

151.  Whenever  the  conditions  indicate  dangerous  weather  in  the  Dominion  of  Canada^ 
a  message  will  be  transmitted  to  the  superintendent  of  the  meteorological  service,  To- 
ronto, Canada. 

152.  The  following  cipher  will  be  used  to  indicate  the  districts  or  stations  threatened: 
Collingwood,  for  Georgian  Bay;  Saugeen,  for  Lake  Huron;  Kingston,  for  East  Ontario; 

Toronto,  for  West  Ontario;  Stanley  for  Lake  Erie;  Montreal;  Quebec;  Father  Point; 
Gaspe;  Bathur^t;  Shediac.  for  North  New  Brunswick;  St.  John;  Pictou,  for  North 
Nova  Scotia;  Halifax;  Sydney;  Yarmouth;  Newfoundland. 

153.  The  time  and  date  at  which  a  storm  is  expected  to  arrive  at  the  districts  or  sta- 
tions threatened  will  be  given  in  the  words,  morning,  afternoon,  or  midnight  of 

(day  of  month). 

Example  of  dispaieh. 

154.  Storm  (or  severe  storm)  indicated  for  Saugeen,  CoUingwood,  Stanley*  afternoon 
of  4th;  Toronto,  King9ton,  midnight  of  4th;  Montreal,  Quebec,  morning  of  6th» 

155.  When  danger  is  past  or  no  longer  thLreatens  any  Canadian  station  that  has  been 
warned,  a  dispatch  will  be  sent  to  the  superintendent  of  the  meteorological  service, 
Toronto,  Canada,  containing  the  following: 

(1)  Safety;  (2)  name  of  station  or  stations;  (3)  time,  and  (4)  date.  A  "good  night" 
mesaage  will  also  be  sent  to  the  superintendent  of  the  meteorological  service,  Toronto, 
Canada,  at  midnight. 

156.  The  officer  in  charge  will  verify  all  dispatches  relating  to  storm  warnings  and 
the  record  on  the  cautionary-signal  board,  after  which  a  copy  of  the  dispatch  will  be  en- 
tered in  the  signal-order  book.    These  dispatches  will  not  be  numbered. 

157.  On  Sunday  a  telegram  will  be  sent  at  or  before  9.30  a.  m«,  giving  the  following 
information:  If  there  be  no  definite  warnings  for  Canadian  stations  based  on  the  current 
reports  and  no  expectation  that  there  will  be  any  founded  on  the  afternoon  reports  of  the 
same  day,  and  any  warnings  sent  on  the  previous  day  have  been  acknowledged,  the  absence 
of  danger  will  be  expressed  by  the  words  "nothing  coming."  If  the  morning  reports 
do  not  make  the  immediate  issue  of  warnings  necessary,  but  indicate  that  there  is  a  fidr 
probability  that  a  warning  may  be  necessary  after  the  receipt  of  the  afternoon  reports, 
this  information  will  be  expreesed  by  the  words  "Sunday  evening,"  with  the  names  of 
the  stations  at  which  the  warning  will  probably  be  needed.  Warnings  based  on  the  cur- 
rent reports  will  be  sent  in  the  usual  manner.     (Cir.  23, 1874. ) 

(STOBM  WABNINOS  (MISCELLANEOUS). 

158.  The  indications  officer  will  telegraph  to  the  United  States  Fish  Commission, 
Wood's  Holl,  Mass.,  warnings  of  impending  or  threatened  storms  in  the  region  off  the 
south  coast  of  New  England.     (Mem.,  July  1,  1884.) 

159.  The  indications  officer  will  telegraph  to  the  secretary  of  the  Maritime  Exchange, 
New  York  City,  when  reports  indicate  the  approach  of  severe  storms  toward  the  Gulf 
and  Atlantic  coasts. 

SEVEBE  LOCAL  STOBMS  AND  TOBNADOES. 

160.  The  indications  officer  will  give  special  attention  to  conditions  favorable  to  the 
development  of  severe  local  storms  and  tornadoes.  When  the  reports  justify  the  predic- 
tion of  these  storms  they  will  form  a  part  of  the  general  indication,  the  prediction  to 
be  that  *  *  conditions  are  favorable  for  the  occurrence  of  severe  local  storms  or  tornadoes, '  ^ 
giving  the  names  of  the  States  where  such  storms  are  expected  to  occur.  (Mem.  lUO, 
1886.) 

161.  Whenever  severe  local  storms  are  predicted,  as  provided  for  by  Mem.  100,  1886, 
the  indications  officer  will  telegraph  the  prediction  as  a  special  message  to  all  Signal  Serv- 
ice stations,  and  to  the  directors  of  the  Minnesota,  Ohio,  and  Alabama  State  weather 
services,  when  located  within  the  threatened  regions. 

UNUSUAL  OB  VIOLENT  DISTUBBANCE8  IN  CENTBAL  ILLINOIS. 

162.  Whenever  the  conditions  indicate  unusual  or  violent  disturbance  in  the  region  of 
centnbl  Illinois  special  predictions  will  be  telegraphed  "charge  s  collect"  to  the  **  Pan- 
tagraph,''  Bloomington,  111.     (Mem.  159,  1885.) 
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THUKDEB^STOBMS. 

163.  The  officer  in  charge  of  indicatioiis  will  give  special  attention  to  the  Btndy  of  con- 
ditions likely  to  be  followed  by  thnnder-storms  in  the  New  England  States  during  th« 
months  of  June,  July,  and  Angnst.  When  thunder-storms  are  likely  to  occur  a  dispisttch 
will  be  sent  to  the  obeerrer  at  Boston,  Mass.,  in  the  following  terms: 

*'  Wednesday  (or  day  of  week),  June  5  (or  day  of  month),  is  appointed  term-day  for 
the  thunder-storm  ol»ervera  of  the  New  England  Meteorological  Society." 

164.  These  dispatches  should  be  sent  on  the  day  previous  to  the  one  announced  as  the 
•  •  term-day. ' '    (Mem.  133, 1886. ) 

ST0B3I  WARNINGS  AND  IMPOETANT  FORECASTS   (NEWSPAPEES). 

165.  A  list  of  the  daily  newspapers  published  throughout  that  portion  of  the  country 
for  which  predictions  are  made,  with  the  address  and  hour  of  publication  for  each,  will 
be  kept  in  the  indications  division  for  use  of  the  indications  officer  when  important  fore- 
casts or  wamings  are  to  be  telegraphed  to  the  publishers. 

166.  The  above  list  will  be  furnished  by  the  officer  in  charge  of  the  stations  division, 
who  will  direct  the  observer  in  charge  of  the  station  at  Washington  City  to  keep  it  cor- 
rected to  date. 

N0BTHEB8. 

167.  When  ** northers"  are  anticipated  telegraphic  wamings  will  be  sent  to  the 
regions  menaced,  according  to  the  following  schedule: 


Co-operating  railroad. 


Barlinfcton  and  Miaaonri  River  Railroad....... 

Atehiaon^opeka  and  Santa  F6  Railroad..... 

Missouri  Pacifio  Railway.. 

Saint  Louis  and  San  Francisco  Railway... 

Intematioaal  and  Great  Northern  Railway... 

Fort  Worth  and  Denver  City  Railroad........ 

Texas  and  Saint  Louis  Ridlway.... 

Texas  and  Pacifio  Railway. 

Hooston  and  Texas  Central  Railway. 

Gtelveston,  Harrisburg  and  San  Antonio  Rail 

way. 
Mexican  National  Railway.. 


Central   distributinir 
station. 


Omaha,  Nebr 

Topeka,Kan8..... 
Saint  Louis,  Mo.. 
Springfield,  Mo... 
Palestine,  Tex.... 


Fort  Worth,  Tex. 
Pine  BIufT,  Ark... 
Marshall, Tex. ... 

Houston,  Tex...... 

Houston,  Tex...... 


Corpus  Chri8ti,Tex. 


Person  addressed. 


Qeneral  mananrer. 
Suxierintendent  of  telegraph. 

Do. 

Do. 
Assistant  superintendent  of 

telegraph. 
Superintendent  of  telegraph. 
Gieneral  superintendent. 
Superintendent  of  telegraph. 
General  superintendent. 

Do. 

Do. 


168.  Warnings  of  the  approach  of  ''northers''  in  the  Mississippi  and  Missouri  Val- 
leys and  the  Southwest  will  be  telegraphed  to  the  observer  at  Saint  Louis,  Mo.  (Mem. 
103, 1885.) 

RIVER  CHANGES,  FLOODS,  AND  LOW  WATER. 


1G9.  The  river  reports  and  river  changes  will  be  recorded  and  published  in  feet  and 
tenth.s. 

170.  Whenever  the  changes  equal  or  exceed  one  foot  they  will  be  briefly  noted  in  the 
synopsis.  When  the  river  is  near  or  above  the  danger-line,  or  very  low,  at  any  place, 
all  changes  will  be  noted.  When  the  probable  changes  may  be  of  great  importance  they 
will  also  be  mentioned  in  the  special  bulletin.     (G.  O.  28,  1873.) 

171.  The  indications  officer  will  carefully  study  the  river  changes  for  the  previous 
years,  with  a  view  of  determining  the  rate  of  movement  of  freshet  waves. 

172.  He  will  call  for  special  telegraphic  river  observations  to  be  taken  at  such  stations, 
and  at  such  times  as  he  may  consider  necessary.  When  river  reports  are  to  be  discon- 
tinued he  will  notify  the  officer  in  charge  of  the  stations  division,  who  will  issue  the 
necessary  orders.     (Ins.  74.  1884.) 

173.  Telegraphic  warnings  will  be  sent  to  all  stations  within  the  districts  menaced  by 
dangerous  floods;  when  floods  are  likely  to  occur  in  regions  where  there  are  no  stations 
a  warning  will  be  sent  to  the  signal  station  nearest  to  the  threatened  locality,  with  di- 
rections to  give  the  widest  publication. 

174.  Reports  of  Western  floods  will  be  telegraphed,  by  special  message,  to  the  observer 
at  New  Orleans,  La.     (Ins.  28,  1886.) 
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175.  In  order  that  proper  action  may  be  promptly  taken  when  a  dangerous  rise  in  any 
navigable  river  east  of  the  Bocky  Monntains  is  anticipated,  the  indications  officer  will 
at  once  notify  the  officer  in  charge  of  stations  when  he  begins  teletcraphing  reports.  He 
will  also  notify  the  same  officer  when  these  reports  are  disoontinned.    (Ins.  20, 1886.) 

176.  Whenever  danger  from  floods  in  the  Potomac  River  is  anticipated,  notice  will  be 
sent  to  the  men^ants  of  Qeorgetown,  and  to  the  press  in  Washington,  &c.,  of  soch  im- 
pending floods.  A  duplicate  message  will  be  sent  by  the  officer  in  charge  of  indicatums 
to  the  saperintendentof  the  United  States  carp  ponds,  through  the  Telephone  Exchange 
and  National  Mnsenm.     (Ins.  17,  1864.) 

FROSTS. 

177.  Officers  will  carefolly  study  the  meteorological  conditions  preceding  damaging 
frosts.  Such  as  threaten  any  crop  or  fruit  will  be  announced  in  indications  and  by 
special  telegraphic  bulletins  as  early  as  practicable,  and,  if  possible,  two  or  three  days  in 
advance.  These  frost  warnings  will  define  the  regions  threatened,  state  the  time,  and 
distinguish  between  light  frosts,  killing  fhssts,  and  freezing  weather.  The  officer  in 
charge  will  call  upon  the  other  members  of  the  indications  board  for  their  opinions  as  to 
the  minimum  temperature  to  be  expected  and  the  area  threatened.  (Ins.  154,  18S1 ; 
Ins.  155,  1882.) 

178.  When  frosts  which  may  prove  injurious  to  crops  are  likely  to  occur,  the  special 
bulletin  will  contain  special  warnings  of  their  approach,  which  the  officer  in  charge  of 
indications  will  telegraph  to  the  observers  at  stations  in  the  threatened  districts,  with 
directions  to  g^ve  them  the  widest  distribution. 

179.  Whenever  minimum  temperatures  of  40^,  or  leas,  with  conditions  favorable  for 
frosts,  are  expected,  warnings  will  be  telegraphed  to  the  centers  named  in  the  several 
sdiedules  filed  in  the  indications  and  telegraph  divisions,  as  follows:  for  the  fruit-grow- 
ing regions,  fitom  November  15  to  April  15;  for  the  tobacco-growing  regions,  from  Sep- 
tember 1  to  November  1,  or  until  after  killing  frosts;  for  the  sugar-growing  regions,  from 
October  1  to  February  1,  or  until  after  killing  frosts;  for  the  fruit  and  vegetable  districts 
about  Chattanoogat  Tenn.,  firom  September  15  to  May  1 ;  for  districts  about  Qeorgetown, 
S.  C,  fW>m  October  1  to  April  1.  (Ins.  69, 1879;  Ins.  128,  1882;  Ins.  6, 21,  24,  and  31, 
1883.) 

180.  The  fjcost- warnings  for  the  sugar-growing  regions  of  Louisiana  will  be  telegraphed 
to  the  signal  service  observer  at  New  Orleans,  who  will  promptly  f\uiiish  copies  to  as- 
sociations interested.  The  officer  in  chaige  of  indications  will  exercise  great  care  in  pre- 
paiii^  these  warnings  and  mi^e  them  descriptive  of  the  conditions  expected  to  occur  in 
the  northern  and  southern  parts  of  the  State;  he  will  also  give  the  time  at  which  the 
cold  wave  or  frost  will  probably  reach  the  State.  Warnings  will  not  be  given  unless 
light  frosts  are  expected  at  least4n  the  northern  section  of  the  sugar-growing  region;  and 
when  the  temperature  will  prol»bly  fall  below,  or  to,  freezing  in  any  section  of  the 
sugar-growing  region  it  will  be  so  stated.     (Ins.  123,  1^4.) 

181.  Special  frost  warnings  for  the  cranberry-growing  regions  of  Wisconsin  will  be  pre- 
pared and  telegraphed  to  the  observer  at  Milwaukee,  who  will  distribute  them,  by  tel- 
egraph, to  selected  points  in  the  counties  of  Jackson,  Monroe,  Juneau,  Adams,  Waushara, 
Marquette,  Green  Lake,  and  Wood. 

182.  The  warnings  for  all  cranberry  districts  will  cover  a  period  of  thirty-two  hours 
in  advance;  if  the  frosts  are  expected  to  continue  beyond  tlukt  period,  a  new  warning 
will  be  telegraphed.  In  preparing  the  warnings,  the  time  at  which  the  frost  is  expected 
to  reach  the  cranberxy-growing  districts  will  be  given. 

183.  As  the  most  sucoeasful  protection  against  frost,  and  the  one  generally  employed 
by  growers,  is  to  cover  the  marshes  with  several  inches  of  water  and  keep  the  same  in 
motion,  and  as  this  precaution  involves  considerable  expense  and  loss  of  time  during  the 
picking  season,  it  will  be  necessary  to  use  great  cauUon  in  making  frost  predictions  for 
the  benefit  of  this  industry. 

184.  The  picking  season  begins  about  September  1,  and  lasts  about  six  weeks.  This 
is  a  period  of  great  danger,  as  the  Jeast  frost  rains  the  fbilt.     (6421,  Obs.,  1885.) 

185.  Frost  warnings  for  the  State  of  Alabama  will  be  prepared  and  telegraphed  to  the 
director  of  the  Alabama  State  weather  service.  Auburn,  Ala.     (Mem.  201,  1885.) 

186.  Special  frost  warnings  will  be  prepared  for  Iowa,  Minnesote,  Dakota,  and  other 
extreme  Western  Stetes,  and  telegraphed  to  the  observer  at  Pittsburg,  Pa.  (Ins.  22, 
1885.) 

187.  The  following  form  (No.  224  b — 1886),  showing  the  present  arrangement  for  the 
distribution  of  frost-warning  messages,  will  be  used  in  preparing  these  messages: 
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lYott-vfttminff  message. 

Signal  Ofpick,  Wab  Dxpabtmbkt, 

Washington  City, ,  188 — ,  — .  m, 

Oranberry  districts  (&Iay  1  to  November  1). — ^To  obserreTs,  Boston,  Mass. ;  Philadelphia, 
Pbi.;  Milwaukee,  Wis. 

Tobacco  districts  (September  1  to  November  1). — Hartford,  Conn.,  to  manager  Western 
Union  Telegraph  Company;  New  Haven,  Conn.,  to  observer;  Palmer,  Mass.,  to  man- 
ager Western  Union  Telegraph  Company;  Springfield,  Mass.,  to  manager  Western  Union 
Telegraph  Company;  Elmira,  N.  Y.,  to  manager  Western  Union  Telegraph  Company; 
New  York  City,  to  observer;  Philadelphia,  Pa.,  to  observer;  HarrisboiKy  Po-i  to  man- 
ager Western  Union  Telegraph  Company;  Harrisbnig,  Pa.,  to  superintendent  telegraph, 
Balding  Railroad  Company;  Lancaster,  Pa.,  to  manager  Western  Union  Telegraph  Com- 
pany; York,  Pa.,  to  manager  Western  Union  Telegraph  Company;  Wilmington,  Del., 
to  manager  Western  Union  Telegraph  Company ;  Washington  City,  to  observer;  Lynch- 
bmg,  Va.,  to  observer;  Richmond,  Va.,  to  manager  Western  Union  Telegraph  Company; 
Richmond,  Va.,  to  superintendent  Richmond  and  Danville  Railroad;  Raleigh,  N.  C,  to 
manager  Western  Union  Telegraph  Company;  Cincinnati,  Ohio,  to  observer;  Lexington, 
Ky.,  to  manager  Western  Union Telegioph  Company;  Louisville,  Ey.,  to  observer;  Nash- 
ville, Tenn.,  to  observer;  Memphis,  Tenn.,  to  observer;  Hannibal,  Mo.,  to  numager 
Western  Union  Telegraph  Company;  Saint  Louis,  Mo.,  to  observer;  Madison,  Wis. 

Sugar  districts  (October  1  to  April  1). — New  Orleans,  La.,  to  observer;  Galveston, 
Tez.,  to  observer;  Columbia,  Tex. 

FruU  and  vegetable  districts, — Chattanooga,  Tenn. ,  to  observer  (September  15  to  May  1) ; 
Charleston,  S.  C,  to  observer  (October  15  to  April  15);  Georgetown,  S.  C.  (October  1  to 
April  1);  Jacksonville,  Flo.,  to  observer  (November  15  to  April  15). 

Tobacco  warnings — Special — (September  1  to  November  1. }  Asheville,  N.  C.  (obaiges 
collect);  Asheville,  N.  C.  (charges  collect);  Alabama,  Auburn,  Ala.,  via  Atlanta;  in  ez- 
treme  Western  States,  notify  observer,  Pittsburg,  Pa. 

188.  Whenever  frosts  are  expected  in  the  vicinity  of  any  place  to  which  predictions  of 
the  weather  and  temperature  are  sent,  the  indications  officer  will  add  the  frost  warning 
to  the  dispatch. 

BBOOSD  OF  FZBST  FB0SI8. 

189.  During  the  autumn  and  winter  the  indications  officer  will  have  entered,  on  a 
special  chart,  tiie  first  light  and  killing  frosts  reported,  with  the  dates  of  their  occurrence. 

FBEBZING  TXMPBBATUBSS  IK  CANAL  BKOIOKS. 

190.  During  the  period  of  navigation  when  freezing  temperatures  are  anticipated  in 
any  canal  region,  special  forecasts  will  be  mode  in  the  indications  and  special  bulletin. 

COLD  WAYBS. 

191.  During  his  tour  of  duty,  the  officer  in  charge  of  the  indications  division  will 
make  a  study  of  approaching  changes  of  temperature  as  indicated  in  the  Northwest,  Mon- 
tana, Manitoba,  ond  Dakota,  and  adjacent  sections,  with  a  view  of  determining  rules  of 
value  in  predicting  oold  waves.  A  carefhl  study  of  the  charts  on  file  for  post  years  will 
probably  indicate  practical  rules  of  great  value.  Each  indication  officer  will  read  and 
careftiUy  study  Signal  Service  Notes  No.  22.  In  connection  with  the  foregoing  he  will 
indude  a  special  study  of  atmospheric  changes  which  precede  frosts.  (Ins.  100, 1884; 
Mem.  78,  1884.) 

192.  Whenever  a  cold  wave  is  expected  to  occur  at  any  of  the  stations  named  below, 
the  officer  in  chaige  of  the  indications  division  will  telegraph  the  observer  in  the  follow- 
ing form:  '*  Hoist  cold-wave  signal;  temperature  will  prorably  &11  —  degrees  during 
next hours. '  * 

193.  Cold- wave  signals  will  not  be  ordered  unless  a  temperature  of  45^  or  less  is  ex- 
pected. When  the  temperature  is  expected  to  fall  20^  or  more  in  any  district  and  not 
reach  45^  the  officer  in  chaige  of  the  indications  division  will  announce  **a  cool  wave 
approaching.''  The  announcements  will  be  made  in  the  ''Special  Bulletin  "  and  *'  In- 
dications. * '  No  signals  will  be  displayed  for  cool  waves.  ( L.  H.  4071 ,  Sig. ,  1885 ;  Ins.  5!7, 
1885.) 

194.  Cold- wave  signals  will  be  verified  by  a  fall  of  fifteen  degrees  (15°)  or  more  after 
eliminating  the  diurnal  change  of  temperature.    (714and22d0,  Sig.,  1886;  Ins.  14, 1886.) 
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195.  When  the  temperatare  has  reached  the  minlniaiii  the  cold-wave  slgaal  will  he 
ordered  down  by  telegraph,  thos:  ''Cold-wave  signal  down."    (Ins.  105,  1884.) 

196.  A  display  hoard  showing  where  cold- wave  sijsnals  are  np  will  be  kept  in  the  in- 
dicatioDS  division.     (L.  R.  6679,  Mis.,  1884.) 

197.  Cold-wave  signal  orders  will  be  entered  in  the  cold-wave  signal-order  book,  and 
will  be  checked  in  the  book,  and  with  the  display  board  by  the  iadications  officer,  after 
which  they  will  be  sent  to  the  telegraph  room.     (L.  R.  6679,  Mis.,  1834.) 

198.  Coid-wave  signal  orders  for  Wellington,  Kans.,  will  be  sent  from  this  office 
direct. 

199.  The  following  stations  cannot  be  reached  by  telegraph  at  midnight:  Abilene, 
Tex. ;  Anbnm,  Ala. ;  Concordia,  Kans. ;  Dodge  City,  Kans. ;  Greencastle,  Ind. ;  Lamar, 
Mo. 

200.  Cold-wave*8ignal  orders  for  Washington  City  will  be  fQed  in  the  telegraph  divis- 
ion and  with  the  ob^rver,  who  will  notify  the  several  newspapers. 

201.  The  following  form  (Form  No.  224(1),  showing  the  present  arrangement  for  the 
distribution  of  cold- wave  signal  orders,  will  be  used  in  preparing  these  oniers: 

[Form  No.  224  d— 1885.] 

Whenever  a  cold  wave  is  expected  to  oosur  at  any  of  the  stations  nainod  in  this  blank  (he  officer 
in  ^uurge  of  the  Indications  dirision  will  telesrniph  the  observer  in  the  following  form :  **  Hoist 
oold-wave  signal:  temperature  will  |>robably  fall  — —  decrees  during  the  next—  hours.**    When 
the  temperature  has  reached  the  minimum  the  sifrnal  will  be  ordered  down  by  telcipraph,  thos : 
**  Cold-wave  signals  down.** 

Coldf'wave  tigHal  vusiOffe, 


SiovAL  OmcB,  War  Dbpartmbnt. 

WoMhington  CUpt ,  188—,  —  m. 


To  observer- 
Cheyenne,  Wyo. 

North  Platte,  Nebr. 

Valentine,  Nebr. 

Yankton,  Dak. 

Denver.Colo. 

Dodge  City.  Kans. 

Omaha,  Neor. 

Concordia,  Kans. 

WellinRton,  Kans. 

Leavenworth,  Kans. 
Kansas  City,  Mo.,  to  dis- 
patcher. Fort  Scott  and 
Gulf  Railway. 

Lamar,  Mo. 

La  Crosse,  Wis. 

Saint  Paul,  Minn. 
Madison,  Wis. 

Dubuque,  Iowa. 

Dea  Moines,  Iowa. 

Davenport,  Iowa. 

Keokuk,  Iowa, 

Sprinsraeld,Ill. 

Saint  Louis,  Mo.  (repeating 
to  Missouri  State  weather 
service  for  interior  of 
Stote). 

Cairo,  111. 


Milwaukee,  Wis. 
Chicago,  111, 
Grand  Haven,  Mich. 
Logansport,  Ind. 
Greenoastle,  Ind. 
Indianapolis,  Ind. 
IxiuLsvillef  Ky. 
Cincinnati,  Ohio. 
Columbus,  Ohio. 
Pittsburg.  Pa. 
Memphis,  Tenn. 
Nashville,  Tenn. 
Chattanooga,  Tenn. 
Knoxville.Tenn. 
Detroit,  Mich. 
Toledo,  Ohio. 
Sandusky,  Ohio. 
Cleveland,  Ohio. 
Erie,  Fa. 
Buflralo,N.Y. 
Rochester,  N.-Y. 
Oswego,  N.  Y. 
Albany,  N.Y. 
New  York  City. 
Philadelphia,  Pa. 
Baltimore,  Md. 
Washington  City. 


Lynchburg,  Va. 
Richmond,  Va.,  Chamber  of 
Commerce. 
Norfolk,  Va. 
Portland,  Me. 
Boston,  Mass. 
New  London,  Conn. 
New  Haven,  Conn. 
Fort  Smith.  Ark. 
Little  Rock,  Ark. 
Shreveport,  La. 
Galveston,  Tex. 
Abilene,  Tex. 
Palestine,  Tex. 
New  Orleans,  La. 
Vicksburg,  Miss. 
Montgomery,  Ala. 
Auburn,  Ala. 
Atlanta,  Ga. 
Mobile,  Ala. 
Charlotte,  N.C. 
Augusta,  Ga. 
Wilmington,  N.  C. 
Charleston,  S.C. 
Savannah,  €ra. 
Jackaonvillet  Fla. 
Sanford,  Fla. 


Hoist  Cold- Wave  Sigxal.    CoLD-Wave  SiONAii  Down. 


SPECIAL  DISTRIBUTION  OF  COLD- WAVE  WARNINGS. 


202.  Notifications  in  regard  to  cold  waves  will  be  sent  to  the  addresses  on  the  list  fni- 
nished  to  the  indications  division. 

203.  Whenever  cold  waves  are  expected  in  the  vicinity  of  any  place  to  which  predic- 
tions of  the  weather  and  temperature  are  sent,  the  indications  officer  will  add  the  oold- 
wave  warning  to  the  dispatch;  bnt  notifications  to  lower  cold-wave  signals  in  these  cases 
will  not  be  sent     (9081,  Sig.,  1885;  Ins.  73, 1885.) 
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THE  INDICATIONS  BOABD. 

204.  The  iudicatlons  board  will  bo  permanently  organized,  and  will  be  composed  of 
the  officers  stationed  in  Washington  City  who  have  boon  annoanced  in  orders  as  ^'Assist- 
ants."  A  majority  of  the  officers  present  for  dnty  shall  constitute  a  qaornm  for  the 
transaction  of  basiness. 

205.  One  officer  of  the  indications  board  will  be  detailed  to  verify  the  official  indica- 
tions and  sifcnal  orders  of  all  kinds.  One  officer  of  the  indications  board  will  be  assigned 
in  charge  of  tha  indications  division.  This  detail  will  not  continue  more  than  one 
month. 

206.  During  the  month  previous  to  his  assignment  to  indications  division  the  officer 
wMl  stndy  all  the  charts  of  past  years  for  the  month  during  which  he  is  to  be  on  duty, 
and  during  that  time  he  will  prepare  and  furnish  for  publication- in  the  **Monthly 
Weather  Review"  a  brief  paper  containing  the  results  of  his  study,  not  to  occupy  more 
than  one  page  of  the  Review. 

207.  The  members  present  will  assemble  at  10  o'clock  a.  m.,  daily,  in  the  indications 
room,  to  study  and  discuss  current  meteorological  conditions. 

203.  The  senior  officer  present  will  preside  at  the  meetings  of  the  board;  the  junior 
officer  present  will  act  as  recorder  of  the  board.  The  officer  in  charge  of  the  indications 
division  will  be  responsible  for  all  indications,  signal  orders,  and  special  bulletins  during 
his  tour,  availing  himself  of  the  advice  of  the  board  when  he  so  desires. 

209.  It  is  the  duty  of  any  member  of  the  board  to  notify  the  officer  in  charge  of  the 
indications  division  of  any  weather  indications  which  he  thinks  may  have  escaped  atten- 
tion. 

210.  All  indications  and  reports  from  the  indications  board,  including  the  record  of  its 
daily  meeting^  will  be  signed  by  the  president  and  recorder. 

211.  The  proceedings  of  the  board,  at  its  daily  meetings,  wi.l  be  placed  before  the 
Chief  Signal  Officer  before  12  o'clock  noon,  each  day. 

212.  The  officer  in  charge  of  verifications  will  determine  the  percentage  of  verification 
of  indications  and  the  percentage  of  signals  Justified,  in  accordance  with  the  following 
instructions: 

213.  The  indications  will  apply  to  the  States  or  Territories,  or  parts  of  States  or  Ter- 
ritories named,  and  the  percentage  of  verifications  will  be  determined  for  each  State  or 
Territory,  or  ports  of  State  or  Territory,  named  in  the  prediction. 

214.  Predictions  will  be  made  for  the  following  States  and  Territories  which  will  be 
named  in  indications  in  the  order  given,  and  they  will  be  verified  by  stations  as  indi- 
cated below: 

Maine:  to  be  verified  by  Eastport  and  Portland,  Me. 

Xpw  Hampshire:  to  be  verified  by  Boston,  Mass.,  and  Portland,  Me. 

Vermont:  to  be  verified  by  Albany,  N.  Y. 

Massachusetts:  to  T)e  verified  by  Albany,  N.  Y.,  and  Boston,  Mass. 

Qonnecticut:  to  be  verified  by  New  London,  Conn.,  and  New  York  City. 

Rhode  Island:  to  be  verified  by  New  London,  Conn.,  and  Block  Island,  R.  I. 

Eastern  New  York:  to  be  verified  by  Albany  and  New  York  City. 

Eastern  Pennsylvania:  to  be  verified  by  Philadelphia,  Pa. 

New  Jersey:  to  be  verified  by  New  York  City,  Atlantic  City,  New  Jersey,  and  Phila- 
delphia, Pa. 

I)elaware:  to  be  verified  by  Philadelphia,  Pa.,  and  Chincoteague,  Va. 

Maryland:  to  be  verified  by  Baltimore,  Md.,  Washington  City,  and  Chincoteague,  Va. 

District  of  Columbia:  to  be  verified  by  Washington  City. 

Virginia:  to  be  verified  by  Washington  City,  Lynchburg,  Norfolk,  and  Chincoteague, 
Va. 

North  Carolina:  to  be  verified  by  Charlotte,  Hatteras,  Kitty  Hawk,  Wilmington,  and 
Macon,  N.  C. 

South  Carolina:  to  be  verified  by  Charleston,  S.  C,  Augusta,  and  Savannah,  Ga. 

(Georgia:  to  be  verified  by  Atlanta,  Aususta,  and  Savannah,  Go.,  Montgomery,  Ala., 
and  Jacicsonville,  Fla. 

Eastern  Florida:  to  be  verified  by  Jacksonville  and  Cedar  Keys,  Fla. 

Western  Florida:  to  be  verified  by  Pensacola,  Fla. 

Alabama:  to  be  verified  by  Chattanooga,  Tenn.,  Montgomery  and  Mobile,  Ala. 

Mississippi:  to  be  verified  by  Vicksburg,  Miss.,  Memphis,  Tenn.,  New  Orleans,  and 
Mobile,  Ala. 

Louisiana:  to  be  verified  by  Vicksburg,  Miss.,  Shreveport,  and  New  Orleans,  La. 

Texas:  to  be  verified  by  Galveston,  ludianola,  Rio  Grande  City,  Brownsville,  San 
Antonio,  and  Palestine,  Tex. 

Arkansas:  to  be  verified  by  Fort  Smith  and  Little  Rock,  Ark.,  and  Memphis,  Tenn. 
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Tennessee:  to  be  verified  by  Memphis,  Nashville,  Chattanoogai  and  Knoxville,  Tcnn« 

Kentucky:  to  be  verified  by  Nashville,  Tenn.,  Ouio,  IlL,  Louisville,  Ky.,  and  Cin- 
cinnati, Ohio. 

West  Virginia:  to  be  verified  by  Pittsburg,  Pa. 

Western  Pennsylvania:  to  be  verified  by  Pittsburg  and  Erie,  Pa. 

Western  New  York:  to  be  verified  by  Erie,  Pa.,  Bamdo,  Rochester,  and  Oswego,  N.  Y. 

Ohio:  to  be  verified  by  Cincinnati,  Columbus,  Cleveland,  Toledo,  and  Sandusky,  OhiOi 
and  Pittsburg,  Pa. 

Indiana:  to  be  verified  by  Chicago,  IlL,  Indianapolis,  Ind.,  and  Louisville,  Ey. 

Illinois:  to  be  verified  by  Chicago,  Springfield,  and  Cairo,  111.,  Davenport  and  Keokuk, 
Iowa,  and  Saint  Louis,  Mo. 

Eastern  Michigan:  to  be  verified  by  Grand  Haven,  Alpena,  Mackinaw  City,  Port 
Huron,  and  Detroit,  Mich. 

Western  Michigan:  to  be  verified  by  Duluth,  Minn.,  Escanaba  and  Marquette,  Mich. 

Wisconsin:  to  be  verified  by  Saint  Paul,  Minn.,  Escanaba,  Mich.,  La  Crosse  and  Mil- 
waukee, Wis. 

Minnesota:  to  be  verified  by  Moorhead,  Saifit  Paul,  Saint  Vincent,  and  Duluth, 
Minn.,  and  La  Crosse,  Wis. 

Iowa:  to  be  verified  by  Des  Moines,  Davenport,  and  Keokuk,  Iowa,  Omaha,  Nebr., 
La  Crosse,  Wis.,  and  Yankton,  Dak. 

Missouri:  to  be  verified  by  Saint  Louis  and  Lamar,  Mo.,  Cairo,  HI.,  Leavenvrorth, 
Kans.,  and  Keokuk,  Iowa. 

Nebraska:  to  be  verified  by  Omaha,  Valentine,  and  North  Platte,  Nebr.,  and  Yank- 
ton, Dak. 

Kansas:  to  be  verified  by  Dodge  City,  Concordia,  and  Leavenworth,  Kans.,  and  Lamar, 
Mo. 

Colorado:  to  be  verified  by  Cheyenne,  Wya,  Denver,  West  Las  Animas,  and  Montrose, 
Colo. 

Eastern  Dakota:  to  be  verified  by  Huron,  Yankton,  and  Bismarck,  Dak. 

Indications  for  the  Pacific  coast  will  be  prepared  for— 

Washington  Territory,  and  will  be  verified  by  stations  located  within  said  Territory. 

Oregon:  to  be  verified  by  stations  in  Oregon. 

Northern  California:  to  be  verified  by  stations  north  of  the  latitude  of  36^ 

Southern  California:  to  be  verified  by  stations  located  south  of  the  latitude  of  36®. 
(Ins.  27,  1886.) 

215.  In  determining  the  percentages  of  verification  of  predictions,  the  conditions  occur- 
ring during  the  twenty-four  hours  predicted  for,  as  shown  by  the  charts  for  the  2d,  3d, 
and  4th  reports  follovnuscthe  report  on  which  the  prediction  was  made,  will  be  carefully 
ezamined  by  the  verifying  officer,  who  will  ascertain  whether  the  conditions  predicted 
for  each  State  or  Territory,  or  part  of  State  or  Territory,  have  prevailed  in  it  to  the 
amount  of  one-fourth,  one-h>ilf,  three-fourths,  or  the  entiro  area  under  consideration. 
The  area  for  which  the  prediction  is  made  wUl  be  considered  in  verifying  weather  and 
temperature;  any  fraction  of  area  less  than  one-quarter  will  be  rated  1 ;  over  one-quarter 
and  less  than  one-half,  2;  over  one-half  and  less  than  three-quarters,  3;  and  over  three- 
quarters,  4.  The  barometer  indications  will  not  be  verified,  as  the  prediction  is  left 
optional  with  the  indications  officer. 

216.  In  determining  the  percentage  of  verification  of  predictions  of  wind-direction  the 
verifying  officer  will  note  the  directions  roported  on  the  three  charts  to  which  the  prediction 
applies,  and  will  ascertain  whether  the  directions  obeenred  ftilflll  the  prediction,  as  fol- 
lows: If  the  direction  predicted  is  observed  at  one-quarter  of  the  observations  reported 
from  the  stations  on  the  three  charts  under  consideration  the  percentage  of  verification 
will  be  rated  1 ;  over  one-quarter  and  less  than  one-half,  fi;  over  one-hidf  and  less  than 
three-quarters,  3,  and  over  three-quarters,  4. 

217.  In  determining  the  total  monthly  percentages  of  verifications  for  all  the  predic- 
tions, the  percentage  of  verification  for  each  State  for  weather  vriU  be  multiplied  by 
live;  for  temperature,  by  four,  and  for  wind-direction,  by  one;  and  the  sum  of  all  these 
will  be  divided  by  ten. 

218.  In  applying  the  foregoing  rules,  a  prediction  of  fair  weather  will  be  construed  to 
indicate  an  absence  of  appreciable  rainfall.  If  precipitation  is  predicted  and  one  hun- 
dredth of  an  inch,  or  more,  is  reported  on  any  one  of  the  three  charts  considered  in  the 
verification,  the  prediction  will  be  completely  verified  for  the  portion  of  the  area  covered 
by  the  rainfall  reported.  If  no  precipitation  is  reported  on  any  of  the  three  charts  con- 
sidered in  the  verification,  the  prediction  will  hp  mt^  n  failure.  Toappi'^Hjiable  rainfall 
will  not  be  counted  as  precipitj»t.ion 
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''Fair  weather,  followed  by  rain,"  or  ''raiii,  followed  by  fair  weather,"  may  be  pie- 
dictedy  and  in  sneh  cases,  the  percentage  of  Tezifications  wUl  be  detemuned,  as  indicated 
in  the  following  table: 


1 

Snm  for 

-  Bum  for 

prediction 

prediction 

FiTBt 

Second 

Thiid 

offUr 

of  rain 

ohart. 

ohart. 

weather 

followed 

by  rain. 

followed 

byfkir 

weather. 

Pair. 

Fair. 

Fair. 

2 

2 

Fair. 

Rain. 

Fair. 

2 

2 

Fair. 

Fair. 

Rain. 

4 

0 

Rain. 

Ffcir. 

Fair. 

0 

4 

Rain. 

Rain. 

Fkiir. 

0 

4 

Ralu. 

Fair. 

Rain. 

2 

2 

Rain. 

Rain. 

Rain. 

2 

2 

Fair. 

Rain. 

Rain. 

4 

• 

0 

219.  Precipitation  may  be  indicated  by  the  use  of  the  following  terms:  ''  light  rain," 
" light ahoweiB,"  'Might  snow,"  "local rains"  or  "localsnows,"  "showers,"  "rain," 
"  general  rain,"  " heavy  rain,"  "  heavy  rain  or  snow,"  "heavy  snows." 

220.  Lower  temperature,  or  colder,  will  indicate  that  the  temperature  will  be  lower 
at  the  expiration  of  the  twenty-four  hours  for  which  the  prediction  was  made  than  at 
the  commencement  of  that  period.  The  prediction  will  bo  completely  verified  if  the 
temperature  falls  one  degree  or  more  over  the  area  under  consideration. 

221.  Higher  temperature,  or  warmer,  will  indicate  that  the  temperature  will  be  higher 
at  the  expiration  of  the  twenty-four  hours  for  which  the  prediction  was  made  than  at 
the  commencement  of  that  period.  The  prediction  will  be  completely  verified  if  the 
temperature  rises  one  degr^  or  more  over  the  area  under  consideration. 

222.  Predictions  may  be  made  for  "lower,  followed  by  higher,  temperature,"  or  for 
"higher,  followed  by  lower,  temperature,"  and  in  such  cases  the  percentages  of  verifi- 
cations will  be  determined  as  indicated  in  the  following  table: 


Sum  for 
prediction 

Sum  for 
prediction 

First  chart. 

Second  chart. 

Third  chart. 

of  lower 
followed  by 

higher 
temperature. 

of  higher 
followed  by 

lower 
temperature. 

Rise. 

Rise. 

Rise. 

2 

2 

Rise. 

Rise. 

FaU. 

0 

4 

Riae. 

Fall. 

Rise. 

2 

2 

RiM. 

Fall. 

Fall. 

0 

4 

Riee. 

Rise. 

0  change. 

2 

2 

Rise. 

0  change. 

Rise. 

2 

2 

Rise. 

0  change. 

0  change. 

0 

2 

Rise. 

0  change. 

Fall. 

0 

4 

Rise. 

Fall. 

0  change. 

2 

4 

FalL 

Fall. 

Fall. 

2 

2 

F^ll. 

Fall. 

Rise. 

4 

0 

Fall. 

Rise. 

FaM. 

2 

2 

Fall. 

Rise. 

Rise. 

4 

0 

Fall. 

Fall. 

0  change. 

2 

2 

FalL 

0  change. 

FaU. 

2 

2 

Ii^U. 

0  change. 

0  change. 

2 

0 

FalL 

0  change. 

Rise. 

4 

0 

FaU. 

Rise. 

0  change. 

4 

2 

0  change. 

0  change. 

0  change. 

0 

0 

0  change. 

0  change. 

Rise. 

2 

0 

0  change. 

0  change. 

Fall. 

0 

2 

0  change. 

Fall. 

0  change. 

2 

2 

0  change. 

Rise. 

0  change. 

2 

2 

0  change. 

FaU. 

Fall. 

2 

2 

0  change. 

Rise. 

Rise. 

2 

2 

0  change. 

Rise. 

Fall. 

0 

4 

0  change. 

Fall. 

Riae. 

4 

0 

STATIONAEY  TEMPERATURE. 


223.  The  prediction  for  stationary  temperature  is  completely  verified  if  the  change 
at  the  close  of  the  twenty-four  hours  is  not  more  than  5°. 
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WINDS. 

The  prediction  for  winds  will  be  made,  and  the  percentage  of  verifications  determined!, 
as  follows: 

S24.  The  qnadrant  from  which  the  wind  is  expected  to  blow  must  be  named,  and  no 
prediction,  except  for  variable  winds  or  when  the  prediction  is  divided,  will  apply  to 
more  than  90°. 

225.  In  the  verification  of  predictions  of  wind-directions  calms  will  not  be  considered, 
except  in  the  case  of  variable  winds,  in  which  case  they  verify  the  prediction. 

226.  The  prediction  of  north  winds  will  include  northwest,  north,  and  northeast  winds; 
the  prediction  of  northeast  winds  will  include  north,  northeast,  and  east  winds;  the  pre- 
diction of  east  winds  will  include  northeast,  east,  and  southeast,  and  so  on  for  the  other 
quadrants. 

227.  When  the  prediction  is  made — "winds  shifUog  to  southerly,"  "winds  chang- 
ing to  southerly,"  "  winds  becoming  southerly,"  or  other  direction,  the  prediction  will 
be  completely  verified  if  the  last  chart  shows  the  direction  named.  If  only  the  second 
chart  shows  the  direction  named,  the  prediction  will  be  rated  2,  and  if  only  the  first 
chart  shows  this  direction  it  will  be  counted  1.  If  only  the  first  and  second  charts  show 
this  direction  it  will  be  rated  3.    ' 

223.  A  variable  wind  for  a  single  station  is  one  which  shifts  more  than  ninety  degrees 
during  the  twenty-four  hours  for  which  the  prediction  is  made.     When  two  or  more 
stations  are  embraced  in  the  prediction,  the  directions  at  the  stations  must  difier  from  \ 
each  other  more  than  ninety  degrees. 

VERIFICATIONS  OF  STORM  WARNINGS. 

229.  The  statement  showing  percentage  of  signals  justified  will  also  show  the  number 
of  storms  for  which  signals  were  not  ordered.  The  percentage  will  be  computed  sepa- 
rately for  each  class  of  signals. 

230.  An  on-shore  signal  will  be  considered  justified  when  the  wind  at  the  station  is  in 
an  on-shore  direction,  with  a  velocity  of  20  miles,  or  more,  per  hour.  They  will  not 
be  justified  as  to  velocity  unless  the  verifying  velocity  occurs  with  the  wind  in  an  on- 
shore direction. 

231.  If,  during  the  display  of  an  on-shore  signal,  the  velocity  of  the  wind  at  the  sta- 
tion equals  the  verifying  velocity  for  cautionary  signals  for  that  station,  it  will  be  counted 
as  a  storm  for  which  cautionary  signals  should  have  been  ordered,  although  the  on-shore 
signal  will  be  considered  justifiedf(if  the  direction  of  wind  is  on-shore). 

232.  The  percentage  of  cautionary  and  cautionary-direction  signals  will  be  computed, 
the  latter  for  each  quadrant,  and  both  as  to  direction  and  velocity. 

233.  A  cautionary-direction  signal  may  be  justified  as  to  velocity  and  not  justified  as 
to  direction,  but  a  direction  signal  cannot  be  justified  as  to  direction  unless  the  wind 
reaches  the  verifying  velocity  in  the  quadrant  named. 

234.  Cautionary  signals  are  verified  as  to  velocity  only. 

235.  When  the  wind  reaches  the  verifying  velocity  at  any  station  within  100  mi!es 
of  a  station  at  which  cautionary  or  cautionary-direction  signals  are  displayed  the  signal 
will  be  considered  justified  as  to  velocity. 

236.  Observers  at  coast  stations  will  telegraph,  with  the  nest  regular  report,  the  max- 
imum velocity  and  its  direction  when  the  wind  reaches  or  exceeds  the  verifying  ve- 
locity. 

237.  Observers  at  lake  stations  will  telegraph,  at  the  next  regular  report,  the  maxi- 
mum velocity,  with  the  direction,  when  the  wind  reaches  or  exceeds  20  miles  per  hour. 

2:^S.  Cautionary  signals  ordered  for  Baltimore,  Md.,  will  be  considered  justified  if 
the  wind  reaches  the  verifying  velocity  at  any  station  on  the  Delaware,  Maryland,  or 
Virginia  coasts.     (6492,  Sig.,  1886.) 

239.  The  several  lists  for  the  distribution  of  storm-signal  orders,  cold- wave  signal  or- 
ders, frost  warnings  for  tobacco  and  cranberry  districts,  &c.,  will  be  revised  to  date,  and 
kept  posted  up  in  the  indications  division ;  and  will  be  corrected  from  time  to  time  on 
the  memorandum  order  of  the  Chief  Signal  Officer,  issued  by  the  officer  in  charge  of  the 
correspondence  and  records  division. 

ADDENDA. 

Insert  after  paragraph  55: 

55.t.  On  Chart  2  enter  outside  and  near  the  circles  for  each  station  the  current  de- 
parture, which  is  the  difference  between  the  current  barometer  and  normal  barometer 
for  month  and  hour  of  report,  as  shown  on  the  auxiliary  charts.  This  departure  is  de- 
noted by  the  sign  -f-  if  the  current  barometer  be  higher  than  the  normal,  and  by  the 
sign  —  if  less. 
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556.  A  carbon  line  of  double  weight  wiU  be  drawn  between  the  +  and  — *  departures 
through  points  where  the  barometer  is  normal,  with  the  sign  +  cuid  —  each  on  its  ap- 
propriate side. 
Insert  after  paragraph  62: 

62a.  On  Chart  3  enter  at  the  right  of  the  station  the  current  departure,  t.  e.,  the  dif- 
ference between  the  current  actual  temperature  and  the  normal  temperature  for  the 
month  aod  hour  of  report,  as  shown  on  the  auxiliary  charts.  This  departure  will  be 
preceded  by  the  sign  -{-  if  the  current  actual  temperature  be  higher  than  the  normal,  and 
by  the  sign  —  if  lower. 

626.  A  carbon  line  of  double  weight  will  be  drawn  between  the  +  and  —  departures 
through  points  where  the  temperature  is  normal,  with  the  signs  -f-  and  —  each  on  its 
appropriate  side. 

W.  B.  HAZEN, 
Brig,  and  Bvt,  Maj,'QmH,  Chief  Signal  Officer^  U.  8,  Arm§. 
Official: 

J.  Mitchell, 

Second  lAeuUnant,  Signal  CorpB^  U.  S.  Armjf, 

5  sia 


APPENDIX    3. 

ANNUAL  REPORT  OF  OFFICER  IN  CHARGE  OF  DIVISION  OF  LOCAL  AND 
STATE  WEATHER  SERVICES  CO-OPERATINQ  WITH  THE  SIGNAL 
SERVICE, 

Office  Chief  Signal  Officeb, 

Wasliingtcn  City,  June  '30,  1886. 

SiB:  I  have  the  honor  to  submit  herewith  my  report  of  the  operations  of :  State 
weather  services  co-operating  with  the  Signal  Service  daring  the  year  ending  Jane  30, 
1886. 

These  services  have  met  with  encoa raging  success  in  a  number  of  the  States,  and*  the 
general  interest  taken  in  the  subject  of  these  local  organizations  leads  me  to  believe  that 
there  will  be  a  substantial  increase  in  the  number  of  these  services  during  the  ensoing 
year.  The  object  of  these  services  has  been  fully  realized,  and  they  now  form  impor- 
tant features  of  the  general  weather  service  for  the  distributioa  of  weather  forecasts, 
frost,  cold-wave,  and  storm  warnings,  in  many  sections  of  the  country,  especially  agri- 
cultural regions,  where  it  would  be  impossible  for  this  service  to  otherwise  furnish  these 
warnings.  Many  of  these  services  receive  daily  indications  by  telegraph  from  this 
office,  and  they  are  distributed  over  the  State  without  expense,  and  for  this  distribution 
this  service  is  indebted  to  the  co-operation  of  many  lines  of  railroad. 

The  number  of  stations  at  which  meteorological  observations  are  taken  has  laigely  in- 
creased, and  the  data  thus  collected  are  utilized  in  the  preparation  of  the  State  bulletins, 
and  also  in  the  preparation  of  the  Monthly  Weather  Keview  of  this  service.  State  ser- 
vices are  now  in  oxwration  in  nineteen  States,  and  are  partially  organized  in  eight  States. 
It  is  to  be  regretted  that  this  service  has  not  a  fund  from  which  instruments  could  be 
purchased  for  the  use  of  State  observers,  as  it  is  frequently  impossible  to  secure  stations 
at  important  points  owing  to  the  inability  of  the  observers tosupply  instruments.  This 
service  should  also  be  able  to  provide  flags  to  indicate  the  character  of  weather  and 
symbols  for  the  display  on  railroads  when  co-operation  may  be  secured.  Many  of 
these  organizations  have  undertaken  special  studies  of  climatology  and  meteorology 
based  upon  the  data  collected,  and  the  results  of  such  studies  are  a  practical  value  to  the 
Signal  Service,  the  stations  of  which  are  so  limited  in  number  and  so  widely  separated 
that  they  only  serve  to  present  tiie  general  weather  conditions  existing  over  the  United 
States.  These  services  are  of  especial  .value  to  the  people  of  the  States  where  they  are 
in  operation.  The  cost  of  mainlining  them  is  insignificaut  when  compared  with  the 
resulting  benefits,  and  it  is  only  through  such  organizations  that  the  farmers  of  this 
country  will  be  able  to  utilize  the  worth  of  the  Signal  Service.  Millions  of  dollars  may 
be  saved  annually  in  agricultural  sections  by  wide  distribution  of  the  weather  forecasts, 
and  there  are  instances  of  record  where  a  single  dispatch  conveyed  warnings  which 
enabled  individuals  to  save  crops  of  tobacco,  sugar-cane,  and  cranberries  valued  at  hun- 
dreds of  thousands  of  dollars.  There  was  an  instance  which  came  under  my  personal 
observation  (I  wrote  the  dispatch  myself)  where  this  service  gave  timely  frost  warn- 
ings to  a  tobacco  region,  and  for  want  of  an  organization  similar  to  these  State  services 
that  dispatch  remained  in  the  center  of  the  tobacco  region  in  the  drawer  of  the  telegraph 
operator,  and  tMrty-six  hours  after  its  receipt  the  whole  crop  of  tobacco  was  lost  by  irt)st, 
when  it  might  have  been  saved  by  cutting. 

The  great  problem  of  the  Signal  Service  is  to  devise  means  for  the  distribution  of  the 
information  which  is  daily  collected  at  the  central  office.  Year  after  year  the  predic- 
tions are  issued  from  the  central  office  indicating  higher  or  lower  temperature  for  the 
succeeding  day.  No  distinction  was  made  to  indicate  the  difference  between  a  slight 
fall  in  temperature  and  a  cold  wave  until  December,  1883,  when  a  cold-wave  signal  and 
its  advantages  were  recommended  in  my  letter  to  you  from  Chicago.  The  advanti^es 
following  the  adoption  of  this  signal  have  rendered  it  one  of  the  most  important  features 
of  the  Signal  Service.  The  State  services  will  add  still  more  to  the  usefulness  of  this 
signal  by  giving  its  warning  to  people  more  distant  from  the  centers  of  population. 
In  the  wheat-growing  region  of  the  country  the  State  services  will  be  able  to  supply 
weekly  and  monthly  reports  of  temperature  and  rainfall,  which  will  prove  of  great 
value  to  the  growth  of  the  crop. 

With  a  view  of  securing  uniformity  in  the  methods  of  conducting  these  services  a  con- 
vention of  the  chie&  of  State  weather  services  was  held  in  this  city  February  24  and  25 
of  the  current  year,  vluch  was  well  attended  and  resulted  in  improvements  which  are 
now  being  carried  out.  A  genoal  summary  of  the  proceedings  of  this  convention  ac- 
companies this  report  As  it  is  proposed  to  increase  the  efficiency  of  the  State  weather 
services  by  the  detail  of  a  Signal  Service  observer  as  assistant  to  the  chief  of  each  serv- 
ice, and  as  a  number  of  new  services  are  now  in  process  of  organization,  it  is  tecom- 
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mended  that  a  second  oonveotion  similar  to  that  above  referred  to  be  held  in  this  dty  some 
time  daring  the  month  of  February,  1887. 

Referring  to  the  early  history  ot  State  weather  services  and  their  connection  with  the 
Signal  Service,  I  respectfnlly  submit  the  following  extract  from  my  letter  to  the  Chief 
Signal  Officer  of  the  Army,  dated  Jannaiy  27,  1^1,  upon  which  was  baaed  yonr  first 
official  action  in  regard  to  these  services: 

( 1 . )  ' '  Secnre  the  favorable  action  of  the  legislatures  of  the  several  States,  reqniriug  each 
county  recorder  to  take  observations  of  temperature,  maximum  and  minimum,  rainfall 
and  wind,  at  stated  honrs,  the  same  to  be  furnished  to  the  Chief  Signal  Officer  on  postal 
cards  printed  at  this  office.  This  would  not  only  enable  this  office  to  study  the  clima- 
tology of  the  whole  country,  but  at  the  end  of  ten  years  would  enable  it  to  make  very 
complete  charts  of  rainfall  and  temperature  for  every  section.  This  would  not  only  in- 
crease the  usefulness  of  the  service,  as  these  reports  could  be  collected  weekly,  but  an 
auxiliary  service  could  be  organized  in  each  State,  under  the  direction  of  this  office, 
which  would  tend  to  increase  the  importance  of  the  Signal  Service  in  every  section  of 
the  country." 

The  following  are  detailed  reports  of  the  several  chiefs  of  State  services  fo^  the  year 
ending  June  30,  1886. 

I  am,  very  rfepectfully,  your  obedient  servant, 

H.  H.  C.  DUNWOODY, 
First  Lieutenanty  Fourth  Artillery^ 
Acting  Signal  Officer  and  AssuUant, 
The  Chief  Signal  Offices  of  the  Abmy, 

Washington,  D.  C. 

[Circular.] 

Signal  Office,  War  Depabtment, 

Washington  City^  November  1,  1885. 

weatheb  and  tempebatubb  signals. 

Upon  the  urgent  demand  of  those  interested  in  weather  and  temperature  changes,  the 
Chief  Signal  Officer  of  the  Army  has  furnished,  when  possible,  the  ''Indications,'^  at  1 
a.  m.  daily,  of  the  temperature  and  weather  for  the  ensuing  thirty- two  honrs  to  many 
railroads,  postmasters,  and  others  in  such  form  that  they  could  be  readily  converted  into 
signals.  Lisufficiency  of  appropriations  has,  however,  greatly  crippled  effi>rt8  in  this  di- 
rection, and  has  prevented  this  office  from  ftimishing  the  necessary  signal  flags  to  indi- 
cate probable  weather  conditions.  The  flags  for  this  purpose  shocdd  be  six  in  number, 
not  leas  than  6  feet  square,  and  of  the  following  colors: 


No.  1.  White  flag  with  large 
red  sun  in  center,  to  indicate 
'*  Higher  Temperature,"  or 
warmer  weather. 


No.  2.  White  flag  with  red 
creac^t  in  center,  to  indicate 
**  Lower  Temperature,"  or 
colder  weather. 


No.  3.  White  flag  with  red 
star  in  center,  to  indicate 
"Stationary  Temperature.'* 


No.  4.  White  flag  with  large 
blue  sun  in  center,  to  indicate 
"General  Bain  (or  Snow)." 


No.  5.  White  flag  with  blue 
crescent  in  center,  to  indicate 
"  Clear  or  Fair  Weather." 


No.  6.  White  flag  with  blue 
star   in    center,    to    indicate 
Local  Rain  (or  Snow)." 


(I 
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In  displaying  weather  and  temperatore  signals  only  two  flags  sboald  be  hoisted  at  one 
time.  If  more  than  one  kind  of  weather  or  temperature  is  predicted,  the  last-named 
kind  will  decide  which  flag  to  hoist. 

The  position  of  the  flags  in  any  hoist  will  have  no  significance,  as  each  flag  designates 
a  specific  condition  of  weather  or  temperature  in  whatever  position  it  may  be  placed. 

Daring  a  calm,  or  when  the  wind  is  light,  the  signals  cannot  be  readily  distinguished; 
and  if  flags  are  hung  as  shown  by  the  blue  star  signal  on  the  above  cut,  it  will  be  found 
to  be  satisfactory  for  any  velocity  of  the  wind. 

There  being  no  funds  at  the  disposition  of  the  Chief  Signal  Officer  for  the  purchase  of 
the  flags,  if  they  are  desired  and  cannot  be  secured  in  the  vicinity,  the  set  of  six  may  be 
obtained  for — 

Thirteen  dollars  from  M.  G.  Copeland  &  Co.,  No.  634  Louisiana  avenue,  Washington, 
D.  C.  (standard  bunting) ; 

$15  from  Crane  &  Co.,  McWhorter  &  Oliver  streets,  Newark,  N.  J.; 

$15  from  C.  8.  Decker,  No.  168  State  street,  Boston,  Mass. ; 

$15  from  Honitman  Bros.  &  Co.,  Fifth  and  Cherry  streets,  Philadelphia,  Pa.  (''Eagle" 
bunting); 

$15  from  John  F.  McHugh,  No.  1286  Broadway,  New  York  City. 

Correspondence  in  relation  to  these  flags  should  be  had  direct  with  the  above  firms  and 
not  through  this  office. 

As  the  weather  indications  are  telegraphed  daily  to  a  large  number  of  the  stations  of 
the  Signal  Service,  to  railroads,  postroffices,  &c,  there  are  very  many  small  towns  which 
could,  by  proper  arrangement,  obtain  them  by  telephone  or  otherwise  from  the  Signal 
Service  stations,  railroad  stations,  or  poet-offices  receiving  the  reports  and  displaying  the 
flags.  Places  not  reached  through  any  of  these  mediums  desiring  to  display  the  signals 
should  correspond  with  the  Chief  Signal  Officer  in  reference  to  the  subject,  when,  if  possi- 
ble, action  will  be  taken  to  furnish  the  indications  as  soon  as  the  necessary  flags  have  been 
obtained  and  arrangements  made  for  their  display. 

The  system  here  outlined  and  now  in  successful  operation  at  various  places  could,  by 
a  little  exertion  and  a  small  outlay  for  flags  on  the  part  of  those  who  would  be  benefited 
by  the  signals,  be  extended  indefi[nitely  and  become  one  of  the  most  valuable  aids  to  the 
faimer,  the  merchant,  and  the  public  generally.  This  system  has  been  adopted  and  is 
used  by  some  of  the  principal  railroads  throughout  the  country,  disks  made  of  steel  or 
iron  being  displayed  from  the  baggage  cars.  'Diese  roads  transmit  over  their  wires  each 
morning  to  the  points  from  which  trains  start  the  kind  of  symbols  to  be  displayed,  the 
baggage  masters  at  those  points  attending  to  the  changing  of  them. 

Many  large  firms  and  corporations  are  displaying  these  signals,  introducing  them  (and 
at  the  same  time  advertising  their  business)  by  printing  the  signals  and  their  meaning 
on  the  back  of  their  business  cards. 

Communications  in  referenoe  to  the  display  of  signals  and  ^mbpls  should  be  addressed 
to— 

W.  B.  HAZEN, 
Bng.  and  Bvt.  Mqj.  QenH,  Chief  Signal  Officer,  U.  8.  A, 


[Ciroular.] 

Signal  Officb,  Wab  Depabtmbnt, 

WaaMngtan  Oity,  November  10,  1886. 

Weather  signals  adopted  for  general  use  by  the  Signal  Servioe  on  and  after  Biarch  1, 1887.  With  a 
▼lew  of  securing  a  uniform  system  of  signals  it  is  recommended  that  flags  now  in  use  be  replaced 
by  those  herein  described  as  the  former  become  worn  out  or  unserviceable. 

The  Chief  Signal  Officer  furnishes,  when  practicable,  for  the  benefit  of  the  general 
public  and  those  industries  dependent  to  a  great  extent  upon  weather  conditions,  the 
''Indications,"  which  are  prepared  at  this  office  daUy,  at  1  a.  m.,  for  the  twenty- four 
hours  commencing  at  7  a.  m.  These  weather  forecasts  are  telegraphed  to  many  Signal 
Service  stations,  railway  officials,  and  others,  and  are  so  wordS  as  to  be  readily  com- 
municated to  the  public  by  means  of  flags  or  symbols.  The  flags  adopted  for  this  pur- 
pose are  four  in  number  and  of  the  form  and  dimensions  indicated  below: 


No.  1. 
White  Flag. 


INTBBPBETATION  OF  SIGNALS. 

No.  2.  No.  3. 

Blue  Flag.  Black  Triangular  Flag. 


Clear  or  fair 
weather. 


Rain  or 
snow. 


No,  4. 

White  Rae  with  blacK 

square  In  centre. 


Temperature 
signal. 


Cold  wave. 
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No.  1,  white  flag,  6  feet  square,  always  indicates  clear  or  &ir  weather,  no  rain.  No. 
2,  blue  flag,  6  feet  square,  indicates  rain  or  snow.  No.  3,  black  triangular  flag,  6  feet 
at  the  base  and  6  feet  ^  length,  always  refers  to  temperature.  When  placed  above 
Noe.  1  or  2  it  indicates  wanner  weather;  when  placed  below  Nos.  1  or  2  it  indicates 
colder  weather;  when  not  displayed,  the  indications  are  that  the  temperature  will  re- 
main stationary,  or  that  the  change  in  temperature  will  not  vary  5  d^p«es  from  the 
temperature  of  the  same  hour  of  the  preceding  day.  No.  4,  cold-wave  flag,  6  feet 
square,  indicates  the  approach  of  a  sudden  and  decided  fall  in  temperature.  This  eig- 
nal  is  usually  ordered  at  least  twenty-four  hours  in  advance  of  the  cold  wave.  It  is  not 
displayed  unless  a  temperature  of  45  degrees,  or  less,  is  expected,  nor  is  flag  No.  3  dis- 
played with  it. 

When  displayed  on  flag<poles  the  signals  should  be  arranged  to  read  downward;  when 
displayed  from  horizontid  supports  a  small  streamer  should  be  attached  to  indicate  the 
point  flnom  which  the  signals  are  to  be  read;  when  in  the  form  of  symbols,  to  be  dis- 
played on  cars,  the  symbols  should  be  placed  one  above  the  other  and  read  downward. 

The  signals  may  be  withdrawn  ftt  3  p.  m. 


BXAHPLBS. 


Displayed  from  poles. 


r 


► 


Fair  weather. 
Colder. 


Warmer. 
Rain  or  snow. 


P 


Fair  weather. 
Cold  wave. 


Warmeri  fair  weather, 
followed  h] 


)y  rain  or  snow. 


Displayed  from  hortzonial  supports. 


rv 


Warmer,  fair  weather. 


Rain  or  snow,  followed  by  fiilr 
weather.   Colder. 


T 


Snow  and  cold  wave. 


Displayed  on  cars. 


■ 
< 


D 
!■  . 

Warmer,  fair  weather. 


Fair  weather,  followed  by  rain. 
Colder. 


Fair  weather.   Cold  wave. 


When  the  two  weather  symbols  oannot  be  displayed  show  the  one  indioatins  the  weather  last 
named  in  "  Indioatlons." 


As  the  weather  indications  are  telegraphed  daily  to  a  large  number  of  stations  of  the 
Signal  Service,  to  railroads,  &c.,  in  various  sections  of  the  country,  there  are  many  small 
towns  where  they  may  be  obtained  by  telephone,  free  of  expense.    Those  desiring  to 
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display  weather  signals  and  not  able  to  obtain  the  indications  as  above,  should  commu- 
nicate direct  with  the  Chief  Si^al  Officer,  and  if  it  is  not  practicable  to  telegraph  the 
indications,  at  the  expense  of  the  United  States,  to  such  places,  they  will  always  be  fur- 
nished at  Government  rates,  at  twenty  cents  per  m^ssagCi  sent  collect. 

Weather  signals  are  now  displayed  at  many  stations  throughout  the  United  States, 
and  this  improved  system,  which  is  based  on  that  devised  by  Prof.  P.  H.  Mell,  Jr.,  of 
Alabama,  has  been  adopted  with  a  view  of  securing  uniformity,  and  is  recommended, 
after  a  careful  test  of  the  several  systems  now  in  use,  and  submitted  for  examination. 
The  system  is  not  complicated,  the  solid  colors  will  secure  legibility,  and  the  flags  may 
be  supplied  at  small  expense. 

There  being  no  funds  at  the  disposition  of  the  Chief  Signal  Officer  for  the  purchase  of 
flags,  if  they  are  desired  and  cannot  be  procured  in  the  vicinity,  they  may  be  purchased 
from  any  of  the  following  firms,  at  prices  ranging  from  $6  to  $12  per  set: 

M.  G.  Copeluid  &Co.,  No.  634  Louisiana  avenue,  Washington,  D.  C.  (standard  bunt- 
ing). 

Crane  &  Co.,  McWhorter  and  Oliver  streets,  Newark,  N.  J. 

C.  S.  Decker  &  Co.,  No.  168  State  street,  Boston,  Mass. 

Horstman  Bros.  &  Co.,  Fifth  and  Cherry  streets,  Philadelphia,  Pa.  (**  Eagle''  bunt- 
ing). 

John  F.  McHugh,  No.  1286  Broadway,  New  York  City. 

S.  Hemmingway,  No.  60  South  street,  New  York  City. 

P.  H.  Mell,  Jr.,  Auburn,  Ala. 

Correspondence  in  relation  to  these  flags  should  be  had  direct  with  the  above  firmii. 
and  not  through  this  office.  The  flags  may  be  made  of  cotton  cloth  at  an  expense  not 
to  exceed  $2  per  set.  The  displays  here  outlined  may  be  greatly  extended  anii  become 
one  of  the  most  valuable  aids  to  farmers,  shippers,  and  the  public  generally  by  a. little 
exertion  and  a  small  expense  for  flags  on  the  part  of  those  who  would  be  benefited  by 
the  signals.  Weather  signals  have  been  adopted  and  are  in  use  by  some  of  the  principal 
railroads  throughout  the  country,  the  symbols,  made  of  tin  or  sheet  iron,  being  dis- 
played from  the  baggage  car.  These  roads  transmit  over  their  wires  each  morning  to 
points  irom  which  trains  start  the  names  of  the  symbols  to  be  displayed,  the  baggage- 
masters  at  those  points  attending  to  the  signals.  Many  large  firms  and  corporations  are 
displaying  these  signals  and  at  the  same  time  advertising  their  business  by  printing  the 
signals  and  their  meanings  on  the  l)ack  of  their  business  cards. 

Communications  in  reference  to  the  display  of  signals  and  symbols  should  be  addressed 
to 

W.  B.  HAZEN, 
Brig,  and  Bvt,  Maj.  Gently  Chief  Signal  Officer,  U,  S,  Army, 
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POLYTBCHNIC  INSTITUTE  AND  AOBICULTUBAL 

AND  MjfiCHANICAL  Ck)LLBQB, 

Auburn,  Ala,,  June  9, 1886. 

Sib  :  In  a  letter  Jnst  reoeWed  from  Lieatenant  Danwoody  I  am  requested  to  fhmuh 
you  with  a  brief  accoant  of  the  operations  of  the  State  service  daring  the  year,  &c. 

The  sendee  has  now  thirty-seven  observers  that  are  doing  valuable  work,  and  consist- 
ing of  some  of  the  most  prominent  men  in  the  State. 

A  large  amount  of  valuable  data  has  been  accumulated  at  the  central  office  that  will 
be  of  great  service  hereafter  in  determining  the  climate  of  the  State. 

The  monthly  bulletins  have  been  issued  regularly,  with  special  bulletin  occasionally,  on 
subjects  of  special  interest  to  the  farmers  of  the  State. 

The  distribution  of  the  weather  and  temperature  predictions  has  been  attended  to  reg- 
ularly each  day.  No  new  roads,  however,  have  been  added  to  the  system' since  January, 
1886,  because  your  orders  to  me  were  to  discontinue  such  work  until  further  orders.  The 
roads  and  corporations  now  receiving  these  daily  warnings  are  as  follows:  South  and  North 
&ilroad ;  Montgomery  and  Mobile  Bailroad ;  Mobile  and  Girard  Railroad ;  (Georgia 
Pacific  Railroad ;  East  Tenneaaee,  Virginia  and  Georgia  Railroad,  extending  through 
Georgia ;  East  Tennessee,  Virginia  and  Georgia  RailrotMl,  extending  through  Alabama ; 
Memphis  and  Charleston  Railroad ;  Columbus  and  Western  Railroad ;  Atlanta  and  West 
Point  Railroad  (the  stations  on  this  road  catch  the  telegram  as  it  is  transmitted  ftom 
Washington);  Northwestern  Railroad  of  Georgia;  Western  and  Atlantic  Railroad  of 
Georgia;  Montgomery  and  Eu&ula  Railroad;  Pensacola  and  Selma  Railroad;  Pensa- 
cola  and  Atlantic  Railroad ;  the  cities  of  Milledgeville,  Ga.,  aud  Talladega,  Ala.  Those 
railroads  entering  Atlanta,  Ga.,  receive  the  warnings  Irom  the  observer  at  that  point. 
The  Georgia  Railroad  and  the  Central  Railroad  of  Georgia  werealso  parts  of  my  system,  as 
well  as  the  Savannah,  Florida  and  Western  Railroad,  but  in  accordance  with  your  orders 
they  were  turned  over  to  the  observers  at  Augusta  and  Savannah,  Ga. 

In  the  matter  of  this  signaling  system  there  have  been  many  difficulties  with  which  to 
contend,  and  some  of  them  have  been  insurmountable,  the  chief  of  which  has  been  the 
irregular  transmission  on  the  part  of  the  Western  Union  Telegraph  Company.  Although 
I  had  so  many  stations  at  the  close  of  last  year  throughout  this  State  and  Georgia,  to- 
day I  have  not  one-half  the  number  in  operation. 

The  people  very  readily  bought  the  flags  and  had  them  raised,  but  the  telegrams  were 
received  by  them  so  irregularly  that  they  became  discouraged  and  lost  interest  in  the 
prediction  and  very  soon  ceased  to  raise  the  signals.  Every  eflfbrt  on  my  part  to  coun- 
teract this  effect  has  proved  a  &ilure,  because  I  could  not  guarantee  the  prompt  atten- 
tion on  the  part  of  the  Western  Union.  For  instance,  in  the  transmission  of  the  tele- 
grams from  Auburn  to  Birmingham  the  messas^  would  be  delayed  both  at  Montgomery 
and  Birmingham,  and  frequently  it  would  be  in  the  afternoon  l)efore  the  railroad  au- 
thorities would  receive  my  instructions.  Unless  the  warnings  are  put  in  the  railroad 
office  before  8  a.  m.  the  business  of  the  road  will  retard  the  distribution  very  materially. 
It  is  my  intention  to  visit  all  stations  belonging  to.  my  system  this  summer  and  try  to 
revive  an  interest  in  this  important  branch  of  the  service;  but  unless  something  is  done  to 
obviate  the  difficulty  already  stated  I  see  bat  little  use  in  undertaking  the  work.  If 
you  will  glance  at  a  map  of  Alabama  and  Georgia  you  will  see  that  the  railroads  now 
belonging  to  my  system  cover  almost  every  portion  of  the  country.  Without  any  addi- 
tional expense,  except  the  purchase  of  the  flags,  three  hundred  and  twenty-flve  towns 
and  villages  can  be  benefited  by  these  predictions,  and  this  is  all  accomplished  by  the 
expense  now  Incurred  by  the  Chief  Signal  Officer.  Much  interest  is  manifested  in  the 
service  whenever  the  work  is  kept  up  regularly,  and  many  complaints  have  come  to  me 
from  all  sections  clamoring  for  remedies.  I  inclose  copies  of  bulletins  that  will  give  you 
items  in  r^ard  to  the  service  under  my  charge  that  will  be  of  use  to  Lieutenant  Dun- 
woody  in  his  annual  report. 

Very  respectfully  submitted. 

P.  H.  MELL,  Jb., 
Director  Alabama  Weather  Seniee, 

Chief  Signal  Offices, 

WashinffUm,  D.  C, 

List  of  meteorologieal  ftations  of  the  Alabama  State  weather  Bcrvice. — Auburn,  Birming- 
ham, Bermuda,  Carrollton,  Centre,  Chattanooga,  Decatur,  Evergreen,  Enfhnla,  Fayette, 
Florence,  Gradsden,  Grove  Hill,  Goodwater,  Greensboro,  Jacksonville,  La  Fayette,  Line- 
ville,  Livingston,  Marion,  Mobile,  Montgomery,  Newton,  Oswichee,  Prattville,  Roanoke, 
Russellville,  Springville,  Selma,  University  of  Alabama,  Troy,  Tuscumbia,  Trinity, 
Union  Springs,  Vall^  HUl,  Mount  Willing. 
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CiKTKu.  OmcB,  Awuia. 


Tnapnaton 


EXPLANATION  OF  BIGNAia. 


FBEPABATIOK  OP  INDICATIONS. 


Tho  WMther  fndicationi  fUnii«hed'ta  the  State  bj  the  Chief  Blgaal  Officer  are  bated 
on  ofaMTTBtloDa  takeD  in  kII  parts  of  the  eoantrj  three  times  a  dtqr.  Tbe  morniag  iodi- 
catioDB  are  prepared  at  1  a,  m.  (coatem  atandani  time)  and  hold  good  till  the  following 
moniiDg. 


In  acootdaooe  with  these  lad  Icationa  the  proper  official  Qogs.  illoatiated  on  th 
side  of  this  card,  should  be  selected  and  prompt!?  displayed.  If  elevated  o 
they  shoold  be  so  amuged  aa  tn  read  downward.     If  the  indications  read  — 

followed  l^ ,  then  a  SMce,  the  widlb  of  a  flag,  shoald  b«  left 

vacant  on  tha  pole  to  indimte  "foUotned  by."     The  signals  shoald  be  wtthdrawn  at  3 


or  iXAoa. 

No.  1  [wfalto  flag]  refbn  always  to  Fair  or  aear  Weather. 

No.  2  [orange  flag]  tefeia  always  to  Local  Rains. 

No.  3  [blue  flag]  ret^  always  to  General  B&jns. 

Ho.  4  [blaok  triangnlar  flag]  refers  always  to  Temperatnre.  When  placed  above  either 
Noa.  1,  3,  or  3  iodtcatas  Rising  Temperatare;  when  placed  below  these  nombers  (1,  2, 
or  3)  indicates  FalUog Temperature;  when  atieent  irom  the  pole  Stationary  Temperatore 
li  Indicated. 

No.  H  Twhito  flag  with  black  sqoare]  refera  always  to  decidedly  colder  weather,  and 
lagenenllj  iseroed  twenty-foor  hoon  in  advance  of  the  expected  fall  of  t«mperatnre. 


REPORT   OF   THE   CHIEF   SIGNAL   OFFICER.  73 

This  signal  is  not  ordered  unless  it  is  expected  that  the  temperature  will  fall  to  forty- 
five  degrees,  Fahrenheit,  or  below,  within  the  time  stated  in  the  order. 
*  No.  G  [orange  flag  with  black  square]  indicates  the  approach  of  a  cyclonic  wave. 

EXAMPLES. 

**  Cooler,  fair  weather,"  display  flag  No.  1  with  No.  4  below  it. 

**  General  rains,  higher  temperature,''  display  No.  3  with  No.  4  above  it. 

"Stationary  temperature  and  local  rains,"  display  No.  2  only. 

*' Stationary  temperature  and  general  rains,  followed  by  cooler  clear  weather,"  display 
No.  3  (space)  and  No.  1  with  No.  4  below  it. 

Public  notice  of  these  explanations  should  be  secured  in  local  newspapers  as  generally 
as  possible,  and  by  posting  this  card  near  the  point  of  display  where  it  can  be  examined 
by  the  public. 

P.  H.  MELL,  Jb., 
Director  Alabama  Weather  Service, 


NEW  ENGLAND  METEOROLOGICAL  SOCIETY. 

Cambridge,  Mass.,  May  31, 1886. 

Sib:  In  reply  to  your  favor  of  the  27th  instant  I  have  pleasure  in  making  the  in- 
closed statement,  by  circular  and  otherwise,  of  the  condition  of  our  society.  To  this  I 
would  add:  Membership,  about  100;  bulletins,  19  published  (including  June,  1886); 
volunteer  observers  of  thunder-storms  (specifil  investigation  in  co-operation  with  the 
United  States  Signal  Service),  about  500,  mostly  in  addition  to  the  140  regular  observers 
for  bulletin;  membership  increasing;  inclosures  4-7;  in  co-operation  with  the  Appal- 
achian Mountain  Club  especial  attention  will  be  given  to  the  climatology  of  the  White 
Mountain  region;  weather  signals  will  be  reported  shortly. 
Very  respectfully, 

W.  M.  DAVIS, 
Secretary  New  England  Meteorological  Society, 
Lieut  H.  H.  C.  Dunwoody, 

Signal  Office,  Washington,  D,  C, 


[Extract  from  the  annual  report  of  the  director,  Prof.  Winslovr  Upton.] 

Daring  the  past  year  the  council  has  engaged  in  the  following  branches  of  work:  1. 
Tho  securing  of  a  corps  of  reliable  observers  of  meteorological  phenomena,  with  special 
attention  to  precipitation  and  temperature;  2.  The  publication  of  the  monthly  bulletin; 
3.  The  dissemination  of  the  daily  indications  of  the  United  States  Signal  Service  and 
the  local  display  of  weather  flags;  4.  The  special  investigation  of  thunder-storms.  The 
work  of  securing  reliable  observations* was  so  £ir  advanced  in  November,  1884,  as  to  war- 
rant the  issue  of  the  first  bulletin  for  that  month,  and  its  regular  publication  thereafter. 
The  first  bulletin  contained  reports  from  45  observers;  that  for  September,  1885,  from 
12:$  oliservers.  Efibrts  have  been  constantly  made  to  secure  increased  accuracy  and 
greater  uniformity  in  the  observations,  in  order  that  they  may  furnish  a  reliable  basis 
lor  fature  investigations.  The  subject  of  accurate  instruments  received  early  attention. 
After  many  experiments  it  was  decided  to  manufacture  a  special  class  of  rain-gauges 
rather  than  to  adopt  any  now  in  the  market;  and  to  adopt,  for  self-registering  thermom- 
eters, those  of  certain  reliable  firms.  The  experience  of  the  year  has  folly  justified  this 
Iiolicy.  All  who  were  desirous  of  making  ol^ervations  have  been  encouraged  to  do  so, 
irrespective  of  location,  but  efforts  have  also  been  made  to  secure  observers  in  special 
localities.  This  would  be  an  easier  task  if  the  society  were  able  to  famish  instruments, 
for  tho  cost  of  instruments  has  sometimes  prevented  those  interested  from  undertaking 
the  work.  The  bulletin  has  been  prepared  on  a  uniform  plan,  with  a  few  minor  changes 
suggested  in  the  progress  of  the  work ;  in  addition  to  the  usual  summary  of  the  observa- 
tions, each  number  has  contained  a  map,  prepared  by  the  Secretary,  showing  the  dis- 
tribution of  precipitation  and  temperature  ranges. 

*The  terms  "  Cyclone  "  and  "Tornado  "  must  not  be  conftised.  The  first  indioates  a  frreat  storm 
moving  tlw  air  particles  toward  the  center  of  the  disturbance  in  fl^reat  circuits,  the  diameter  of 
-which  is  sometimes  hundreds  of  miles  in  extent.  Tornadoes  are  local  disturbances  in  a  cyclone. 
Sometimes  near  the  center  of  a  (treat  storm,  or  cyclone,  the  funeral  inward  tendency  of  the  air 
causes  a  violent  whirlwind  where  the  air  revolves  with  such  violence  as  to  prostrate'houses  and 
trees  and  carry  heavy  objects  to  a  Rreat  distance — this  is  a  tornado.  Its  duration  at  any  one  place 
ocATcely  exceiids  more  than  onemiaute,  and  the  width  of  the  path  is  seldom  more  than  1/00  yards. 
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The  society  lias  oo-operated  with  the  United  States  Signal  Service  in  the  diaBemination 
of  the  daily  indications  and  local  display  of  weather  flags.  A  member  of  the  Signal 
Corps,  Mr.  O.  N.  Oswell,  has  been  assigned  to  daty  under  the  society's  control;  without 
his  assistance  this  portion  of  the  work  would  not  have  been  undertaken.  The  aid  thus 
given  has  been  of  great  advants^e  in  other  departments  of  work,  especially  in  the 
clerical  labor  attending  the  preparation  of  the  bulletin  and  the  8x)ecial  investigation  of 
thunder-storms. 

The  Signal  Service  Observer  at  New  Haven  has  also  successfully  labored  to  secure  the 
display  of  weather  flags  in  Connecticut  in  harmony  with  the  society's  plans.  As  a  re- 
sult, local  weather  flags  are  displayed  in  more  than  one  hundred  cities  and  towns  of  New 
England. 

The  special  investigation  of  thunder-storms  was  made  under  the  supervision  of  the  sec- 
retary. The  members  of  the  National  Academy  who  constitute  the  trnsteesof  the  Bacbe 
fund  appropriated  $200  for  this  work.  More  than  four  hundred  observers  co-operated, 
the  hirgest  number  of  reports  for  any  single  storm  having  been  two  hundred  and  three. 
The  preliminary  study  of  the  reports  thus  far  made  indicates  that  some  interesting  results 
have  been  obtained,  which  will  be  reported  upon  subsequently. 

The  original  membership  of  the  society  was  9;  the  number  at  the  close  of  the  year  95. 
The  expenses  of  the  society  have  been  kept  within  its  income,  but  this  has  been  done 
through  the  generous  co-operation  of  friends,  who  have  from  time  to  time  contributed 
liberally  to  its  resources. 

In  looking  forward  to  the  work  of  another  year  the  council  suggests  that  special  ef- 
forts be  made  to  add  to  the  membership  of  the  society  as  well  as  to  the  list  of  observers. 
It  must  be  remembered  that  the  flnancial  prosperity  of  the  society  depends  on  the  num- 
ber of  members.  It  is  desired  to  include  in  the  membership  all  who  are  interested  in 
meteozologicsd  studies  in  New  England,  whether  they  make  observations  or  not.  A 
member  need  not  be  an  observer,  nor  is  it  required  that  an  observer  shall  be  a  member. 
The  council  expresses  the  hope  that  the  second  year  of  the  society  may  be  as  successful 
as  the  one  just  ended,  and  sincerely  thanks  all  who  have  contributed  to  its  prosperity. 

A  monthly  bulletin  is  published  by  the  New  England  Meteorological  Society,  to  which 
reference  may  be  made  to  Tables  I,  II,  III,  and  IV,  for  a  list  of  observers,  144  in  all,  for 
April,  1886.  This  membership,  with  very  few  exceptions,  increases  every  month  since 
the  publication  of  the  bulletin  was  begun. 

rCiroular  No.  4.] 

NEW  ENGLAND  METEOBOLOOICAL  SOCIETY— PEESENT  CONDITION  OF  THE  SOCHETir— 

GENEBAL  STATEMENT. 

The  society  was  formed  in  1684.  Its  constitution  states  that  *'  its  object  shall  be  the 
cultivation  of  meteorological  science  in  New  England. ''  Persons  interested  in  tlus  ob- 
ject are  therefore  invited  to  apply  to  the  secretary  for  membership.  The  annual  fee  is 
$3.  Members  are  entitled  to  attend  and  to  vote  at  the  meetings  of  the  society  and  to 
receive  a  copy  of  its  publications;  members  need  not  make  observations,  and  residence 
n  New  England  is  not  required. 

The  society  acts  in  co-operation  with  the  United  States  Signal  Service,  and  occupies  in 
New  England  the  same  position  as  that  taken  by  the  State  weather  services  in  other  parts 
of  the  country.  All  voluntary  observers  of  the  Signal  Service  in  New  England  are  de- 
sired to  report  to  the  society.  The  society  encourages  the  local  display  of  weather  sig- 
nals, based  on  the  daily  predictions  issued  from  the  Signal  Oifice  in  Washington.  Cor- 
respondence concerning  these  signals  in  Connecticut  should  be  addressed  to  the  Observer, 
Sigioal  Office,  New  Haven,  Conn. ;  in  other  parts  of  New  England,  to  the  Observer,  Signal 
Office,  Boston,  Mass. 

The  fundamental  work  of  the  society  is  the  coUectiou  of  systematic  records  of  climatic 
elements,  such  as  temperature,  rainfall,  and  the  like,  made  by  trustworthy  observers 
with  accurate  instruments.  This  work  is  in  cliarge  of  the  director,  and  about  one  hun- 
dred and  fifty  observers  are  now  co-operating  in  it.  Additional  observers  are  desired, 
especially  at  points  not  now  represented  (see  map  on  other  side).  Observers  need  not 
take  membership  in  the  society.    The  monthly  bulletin  is  sent  them  without  chai^g^. 

In  order  to  insure  accuracy  of  record,  thermometers  and  rain-gaugis  belonging  to 
observers  regularly  reporting  to  the  society  will  be  tested  free  of  eost  by  Prof.  S. 
W.  Holman,  of  the  Massachusetts  Institute  of  Technology,  Boston.  ^1  instruments 
bought  through  the  society  will  hereafter  be  tested  in  this  way.  Correspondence  con- 
cerning the  purchase  and  testing  of  instruments  should  be  addressed  te  the  secretary. 

A  monthly  bulletin,  prepared  by  the  director,  is  published  by  the  society,  containing 
a  general  statement  of  the  weather  for  the  month  preceding  that  of  its  issue,  a  sum- 
mary of  observations  collected,  presented  in  tabular  form,  and  a  map  showing  graph- 
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ically  the  mean  diurnal  range  of  the  temperature  and  the  totad  amount  of  precipitation. 
The  map  from  the  bulletin  of  March,  1886,  is  reprinted  on  the  other  side  of  this  circular. 
The  bulletin  is  sent  free  to  members  and  to  regular  observers;  to  others  the  subscription 
price  is  one  dollar  a  year,  payable  to  the  treasurer. 

The  society  holds  regular  meetings  on  the  third  Tuesday  of  October,  January,  and 
April,  when  communications  of  scientific  interest  are  presented. 

Spedal  iuTestigations  may  be  undertaken  from  time  to  time.  Those  that  the  society  is 
at  present  engaged  in  are  the  study  of  thunder-storms,  under  the  direction  of  the  secre- 
tary, and  the  examination  of  rainfall,  temperature,  &c,  in  general  storms,  by  the 
director. 

WM.  H.  NILES, 
Massachuscita  Institute  of  Technology^  Boston^  Mass.,  President, 

WM.  M.  DAVIS, 
ITarvard  College,  Cambridge^  Mass.,  Secretary, 
DESMOND  FITZGERALD, 
df.  Am.  Soc.  C,  JP.,  Brookline,  Mass.,  Treasurer, 
E.  B.  WESTON, 
M.  Am.  Soc.  C.  E.^  Providence,  JR.  I., 
WINSLOW  UPTON, 
Brown  University,  Providence,  JR.  I.,  Director, 

Chuncil  of  the  Society, 

[Observations  of  thunder-etomns  in  co-operation  with  the  United  States  Signal  Service :  Second 

8ea8on~1886.] 

Thunder-storms  will  constitute  a  subject  of  special  investigation  during  the  summer 
months  on  much  the  same  plan  as  in  1885. 

Tho  phenomena  of  thunder-storms  have  been  chosen  for  this  study,  as  offering  at  once 
the  greatest  variety  of  features  easily  observed,  and  promising  in  return  tho  most  inter- 
esting results. 

Volunteer  observers  to  take  part  in  the  study  are  wanted  in  all  parts  of  New  England. 

The  desired  observations  are  classified  as  follows: 

Class  A, — No  instruments  required.  Simple  records  of  the  time  of  beginning  and  end- 
ing of  rain,  when  thunder  is  heard  first  and  loudest,  and  of  the  direction  of  wind  and 
its  changes. 

Class  B. — Ordinary  instruments  needed.  A  thermometer  and  a  tin  can  for  collecting 
rain.  A  somewhat  more  detailed  record  of  rain ,  wind,  temperature,  thunder,  &c. ,  during 
the  passage  of  a  storm. 

Class  C, — Good  instruments  needed.  Better  measures  of  rain  and  temperature,  with 
barometer  readings  if  possible;  and  especially  more  careful  observations  on  clouds. 

This  division  into  classes  need  not  be  closely  followed.  Observers  of  Class  A  may  add, 
for  example,  temperature  of  Glass  B,  or  clouds  of  Class  C,  to  their  subjects  of  record. 

Days  when  observations  are  wanted: 

(1)  01»ervations  are  to  be  taken  through  June,  July,  and  August  whenever  a  thunder- 
storm can  be  seen  or  heard. 

(2)  Observations  are  also  desired  at  regular  intervals  from  noon  to  6  p.  m.  on  certain 
days,  whether  a  thunder-storm  is  in  progress  or  not.  These  days  will  bo  called  term- 
days;  they  will  be  apx>ointed  one  and  a  half  to  two  days  in  advance  by  specif  message 
from  the  Chief  Signal  Officer  in  Washington,  and  will  be  announced  to  the  public  by 
telegraphic  reports  to  all  newspapers  of  tho  New  England  Associated  Press.  They  will 
bo  days  on  which  thunder-storms  aro  expected. 

Instructions,  blanks  for  observations,  and  stamped  envelopes  for  returning  the  records 
to  the  Boston  signal  office  will  be  distributed  to  volunteers  in  the  latter  part  of  May. 
Correspondents  will  be  answered  as  promptly  as  possible,  but  a  brief  delay  will  some- 
times be  unavoidable. 

Volunteers  are  requested  to  send  in  their  names  as  early  as  possible.  The  inclosed 
franked  envelopes  may  be  used  (without  stamp)  in  returning  the  card  of  agreement,  list 
of  recommended  observers,  or  other  matter  connected  with  this  investigation.  No  one 
need  hesitate  to  undertake  tho  work  from  lack  of  practice,  as  the  instructions  give  al) 
necessary  information,  and  the  simpler  class  of  records  (A)  can  easily  be  kept  by  any 
intelligent  boy  or  girl. 

Special  circulars  addressed  to  yachtsmen  and  pilots  and  to  amateur  photographers  may 
be  had  on  application. 

The  council  of  the  society  requests  the  assistance  of  all  persons  interested  in  this  in- 
vestigation, not  only  in  keeping  records  themselves,  but  particularly  in  extending  thor 
number  of  observers  in  their  neighborhood. 

W.  M.  DAVIS, 
Secretary  New  England  Meteorological  Society,  Cambridge,  Mass. 
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[Observationa  of  thouder-Btorms  in  co-operation  with  the  United  States  Signal  Service.— Seoond 

Beaaon,  1886.— Circular  to  New  England  newapapen.] 

The  conncil  of  the  society  asks  the  assistance  of  the  newspapers  of  New  England  in 
making  its  plan  of  volnnteer  observations  of  thunder-storms  known  to  their  readers,  and 
for  this  purpose  requests  the  publication  of  extracts  from  the  inclosed  circular. 

Special  inyestigations  of  thunder-storms  are  in  progress  in  a  number  of  European  coun- 
tries, and  have  lately  been  instituted  by  the  United  States  Signal  Service. 

In  1885  the  New  England  Meteorological  Society  undertook  a  similar  study,  and  re- 
ceived assistance  from  over  three  hundred  volunteers.  It  is  hoped  largely  to  increase 
the  number  of  observers  this  summer. 

The  desired  observations  are  graded  in  three  classes;  the  simplest  class  requires  no  in- 
strumental observations;  a  share  in  the  work  is  therefore  within  the  reach  of  all  intel- 
ligent persons  who  take  an  interest  in  the  weather. 

Term-days, — In  order  to  secure  observations  in  all  parts  of  New  England  on  days  when 
thunder-storms  are  likely  t^o  occur,  a  special  message  will  be  sent  from  the  Signal  Office, 
Washington,  announcing  these  days  thirty-six  to  forty-eight  hours  in  advance,  and  this 
message  will  be  repeated  from  Boston  to  all  newspapers  belonging  to  the  New  England 
Associated  Press.  The  days  thus  selected  will  be  called  term-days  for  observers  of  the  New 
England  Meteorological  Society, 

You  are  respectfully  requested  to  aid  in  making  the  announcement  of  term-days  pnb> 
lie.  Be  kind  enough  to  inform  me  of  your  willingness  to  do  so.  A  list  of  the  news- 
papers agreeing  to  print  the  term-day  dispatches  will  be  sent  to  all  observers  about  the 
middle  of  May. 

W.  M.  DAVIS, 
Secretary  Nero  England  Meteorological  Society. 

Habvabd  College, 

CambridffC,  Mass.,  April ^  1886. 

[Observationa  of  thunder-storms  in  co-operation  with  the  United  States  Signal  Service.    Second 

season,  1886.    Announcement  of  term-days.  ] 

Dispatches  from  the  Signal  Office  in  Washington  announcing  term-days  for  hourly 
observations  will  be  worded  about  as  follows: 

Washington,  June  — ,  1886.    ,  June ,  is  appointed  term-day  for  the  observers 

of  the  New  England  Meteorological  Society. 

(As  has  been  explained  in  earlier  circulars,  term-days  are  those  on  which  thunder- 
storms may  be  expected  in  some  part  of  New  England.  Observations  are  desired  on 
these  days  from  all  volunteers,  according  to  instructions,  whether  thunder-storms  occur 
or  not.) 

As  soon  as  t  e  term-day  dispatch  is  received  in  Boston  it  will  be  sent  to  the  agents 
of  the  New  England  Associated  Press  and  the  United  Press,  and  by  them  distributed  to 
all  their  corresponding  newspapers  in  New  England,  about  fifty  in  number,  so  that  very 
general  publication  will  be  gained.  The  measage  will  generally  be  printed  immediately 
after  the  paragraph  giving  the  weather  indications. 

The  following  newspapers  have  expressed  their  willingness  to  publish  the  term-day 
dispatches: 

Boston,  Mass. :  Advertiser,  Globe,  Herald,  Journal,  Post,  Record,  Transcript,  Trav- 
eller. Fitchburg,  Mass.:  Sentinel.  Lowell,  Mass.:  Citizen,  Courier,  Mail,  Times.  Uol- 
yoke,  Mass.:  Transcript.  Manchester,  N.  II.:  Mirror,  Union.  New  Bedford,  Mass.: 
Mercury.  Newburyiwrt,  Mass.:  Herald,  Germ.  Newport,  R.  I.:  News.  PittsOeld, 
Mass. :  Journal.  Portland,  Me. :  Argus,  Press.  Springfield,  Mass. :  Republican.  Wor- 
cester, Mass.:  Gazette. 

It  is  suggested  that  observers  who  do  not  Und  their  daily  paper  in  the  above  list 
should  inclose  this  circular  to  the  editor  of  the  daily  pai)er  that  they  take,  and  ask  if 
the  dispatches  here  described  will  be  printed  in  it,  so  that  the  announcements  will  snrely 
be  received. 

Observers  are  reminded  of  the  importance  of  recording  even  apparently  trivial  phe- 
nomena, such  as  the  occurrence  of  a  light  shower  with  moderate  thunder,  or  the  distant 
passage  of  a  thunder-storm  near  the  horizon.  The  true  value  of  these  records  will  ap- 
pear when  they  are  studied  in  connection  with  all  others  of  the  same  date. 

It  is  desired  also  to  emphasize  the  importance  of  accurate  record  of  rain-beginning  and 
of  the  hourly  observations  on  term-days,  and  (for  classes  B  and  C)  the  observations  on 
the  even  hours  and  half-hours  daring  thunder-storms.  Much  of  the  success  of  the  inves- 
tigation depends  on  tlio  care  of  observers  in  these  respects. 

W.  M.  DAVIS, 
Secretary  Nero  England  Meteorological  Society. 

Cambbidqe,  Mass.,  May  20,  188G. 
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[Observations  of  thander-storms  in  co-operation  with  tho  United  States  Signal  Servioe.~Seoond 

season,  1888.--Speciai  circular  to  amateur  photoeraphers.] 

The  ooandl  of  the  New  England  Meteorological  Society  requests  the  assistance  of  ex- 
perts in  photography  in  securing  views  of  the  clouds  in  approaching  and  receding  thun- 
der-storms during  the  coming  summer.  Such  photographs,  studied  in  connection  with  the 
numerous  reports  gathered  from  volunteer  observers  throughout  New  England  (seeaccom- 
panjing  circular),  will  afford  data  for  the  determination  of  the  form  and  altitude  and 
something  of  the  mechanism  of  our  local  storms. 

Views  are  especially  desired  of  the  strongly  developed  storms  that  arise  in  the  west 
after  a  noon  of  oppressive  heat.    The  plan  of  work  to  be  followed  may  thus  be  stated: 

When  the  bank  of  storm  clouds  is  visible  in  the  west,  and  distant  thunder  is  faintly 
heard,  set  the  camera  toward  that  point  of  the  horizon  above  which  the  clouds  risehigh- 
cst.  Note  its  direction  carefully  by  compass,  and,  letting  it  remain  in  this  position, 
take  several  views  of  the  clouds  as  the  storm  approaches;  repeat  the  process,  with  the 
camera  facing  in  the  opposite  direction  as  the  storm  moves  away.  If  the  storm  passes 
to  one  side  of  the  observer,  take  a  series  of  views  toward  the  highest  part  of  its  clouds 
during  its  progress,  noting  the  direction  of  the  camera  accurately  at  each  exposure. 

Record  the  time  at  which  each  view  is  taken  as  accurately  as  possible.  The  plates 
used  should  not  be  smaller  than  5x8  inches,  if  possible.  The  views  need  not  be  of  the 
highest  artistic  excellence;  it  will  serve  if  they  show  the  outlines  of  the  doud-masses 
with  some  distinctness. 

The  lens  should  be  in  all  cases  precisely  opposite  the  center  of  the  plate,  and  the  plate 
should  be  at  right  angles  to  the  line  of  sight,  the  swing-back  not  being  used;  the  camera 
may  be  directed  obliquely  upward  if  necessary,  but  in  this  case  the  angle  of  elevation  of 
the  line  of  sight  must  be  carefully  determined.  It  would  be  well  always  to  include  the 
sky-line  on  the  plate,  and  to  determine  the  elevation  of  the  sky-line  above  the  true 
horizon.  The  views  should  be  taken  from  an  elevated  point,  or  from  the  roof  of  a  house, 
so  as  to  command  as  uninterrupted  a  horizon  as  possible. 

Views  of  lightning  flashes  are  also  desired;  they  may  be  obtained  by  exposing  a  plate 
at  night,  the  camera  being  directed  toward  a  storm,  and  waiting  till  a  bright  flash  ajH 
peara  before  covering  the  lens.    Several  flashes  may  be  taken  on  one  plate. 

In  order  to  determine  the  scale  of  the  visual  angle  of  the  camera  take  a  view  of  a  house 
at  a  distance  of  one  or  two  hundred  yards,  the  line  of  sight  being  at  right  angles  to  the 
visible  side  of  the  house,  the  house  being  in  the  center  of  the  field,  and  the  distance  to 
the  bouse  and  the  length  of  its  side  being  carefully  measured. 

Those  who  are  willing  to  take  part  in  this  investigation  are  requested  to  address 

W.  M.  DAVIS, 
Secretary  New  England  Ideteorolgical  Society. 

Habvabd  Colleqe,  Cambridge,  Mass, 

Boston,  Mass.,  June  7,  1886. 

Be AB  Sib:  In  reply  to  your  card  of  31st  ultimo  I  would  say  that  we  have  forty-five  sta- 
tions where  tho  flags  are  displayed,  and  every  little  while  I  hear  of  new  places  not  on 
our  list.  I  think  there  must  be  fifty  towns  at  least  where  they  are  displayed;  besides 
this  I  find  that  the  telephone  people  give  the  indications  to  a  great  many  places  where 
they  don't  display  the  flaga,  but  balletin  them.  This  flag  system  seems  to  have  taken 
the  place  of  the  old  farmers'  bulletin. 
Yours  truly, 

OTTO  B.  COLE. 
Prof.  W.  M.  Davis, 

Cambridge,  Mass, 


Nbw^  England  Mbteobological  Socibty, 

Cambridge^  Mass.,  June  3,  1886. 

Deab  Sib:  In  regard  to  weather  flags  displayed  in  New  England  the  following  state- 
ment may  be  made  as  a  supplement  to  my  recent  letters  concerning  our  society  work. 
The  display  of  weather  flags  was  bc^n  early  in  1885;  they  are  now  hoisted  at  forty-five 
stations  in  Alassachusetts,  New  Hampshire,  and  Vermont,  great  aid  in  the  distribution 
of  the  weather  indications  being  given  without  charge  by  the  New  England  Telephone 
and  Telegraph  Company.  Sergeant  Cole,  of  the  Boston  Signal  Office,  has  recently  taken 
charge  of  the  display  in  these  States.  In  Coonecticct  the  display  of  these  flags  was  in- 
aagurated  by  Sergt.  J.  II.  Sherman,  New  Haven  Signal  Office,  in  connection  with  the 
New  England  Meteorological  Society;  he  secured  generous  assistance  from  the  Standard 
Time  and  Electric  Company  of  New  Haven«  over  whose  wires  the  daily  messages  were 
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sent  without  cost  to  towns  where  flag^  are  hoisted  hy  the  operators  of  this  company.    I 
am  at  present  nnable  to  fill  in  the  number  of  flag  stations  in  Gonnecticnt,  Seigeant  Sher- 
man not  yet  having  answered  my  letter  of  inqniry  on  this  point. 
I  shall  be  veiy  glad  to  see  yonr  report. 
Very  truly  yonrs, 

W.  M.  DAVIS, 

BeereUurff. 
Lient.  H.  H.  C.  Dukwoqdy. 

SigjuU  Office,   Washington, 


MINNESOTA  WEATHER  SERVICE. 

GENERAL  8TATEBUENT. 

The  Minnesota  Weather  Service  is  under  the  auspices  of  the  Saint  Paul  Chamber  of 
Commerce,  and  in  co-operation  with  the  United  States  Signal  Service  and  the  Minneap- 
olis and  Saint  Louis  Railway  Company. 

Tlfe  central  station  is  located  at  the  Chamber  of  Commerce  building,  Saint  Paul,  with 
a  United  States  signal  officer  in  charge.  The  director's  office  is  at  Carleton  College 
Observatory,  Northfield. 

In  consideration  of  locating  the  central  station  of  this  weather  service  at  its  building 
in  Saint  Paul,  the  Chamber  of  Commerce  agrees  to  furnish  such  aid,  to  offer  such  oo-ojk 
eration  and  supervision  as  are  necessary  for  the  efficient  operation  of  a  general  and  com- 
prehensive weather  service  for  the  entire  State.  In  accordance  with  these  anaDgements, 
already  definitely  made,  the  director,  with  ,the  co-operation  as  'aforesaid,  respectfoUy 
submits  the  following  plan  of  oiganization: 

Stations. — ^The  local  stations  of  this  weather  service  in  the  various  towns  and  cities  of 
this  State  are  divided  into  two  classes:  (1)  Observing  Stations  and  (2)  Flag  Stations;  all 
of  which  fihould  be  under  the  supervision  of  the  local  board  of  trade,  city  counci],  or 
some  other  suitable  local  organization,  for  financial  support  and  oversight. 

The  local  authorities  supporting  observing  stations  will  be  asked  to  procure  a  set  of 
meteorological  instruments,  a  set  of  signal-service  flags  for  daily  indications  and  warn- 
ings, a  bufietin  board  for  posting  weaker  dispatches  and  dafly  local  temperatures,  and 
to  secure  and  maintain  an  observer  who  will  care  for  the  instruments,  observe  them 
daily  at  the  hours  of  7  a.  m.,  2  p.  m.,  and  9  p.  m.,  and  report  on  suitable  blanks  pro- 
vided for  that  purpose,  the  observations  once  each  week  on  the  morning  of ,  with 

any  other  meteorological  phenomena  that  may  have  been  observed.  The  local  authori- 
ties supporting  flag  stations  of  this  service  will  be  asked  to  procure  a  set  of  signal-service 
flags,  a  bulletin  board  for  daily  telegraphic  indications,  and  to  secure  and  maintain  com- 
petent persons  to  post  the  daily  weather  bulletins  before  8  o'clock  each  morning,  and  to 
display  at  the  same  time  appropriate  flags  for  all  predictions  belonging  to  this  daas  of 
stations.  The  persons  in  charge  of  flag  stations  will  be  asked  to  report  on  appropriate 
blanks  to  the  central  station  on  Monday  of  each  week  whether  or  not  the  predictions  of 
each  day  of  the  preceding  week  were  verified. 

Central  SttUion, — The  signal  officer  in  chai^ge  of  the  central  station  will,  in  general, 
discharge  the  following  duties: 

1.  Co-operate  with  the  director  in  completing  the  organization  of  the  service. 

2.  Collect,  reduce,  tabulate,  and  summarize  all  meteorological  data  that  may  be  of 
public  use,  and  report  the  same  weekly  and  monthly,  as  directed  by  the  Chief  Signal 
Officer  and  the  director  of  the  State  service.  He  will  also  keep  a  record  at  the  central 
stotion  for  public  examination  of  the  monthly  averages  of  temperature,  predpitotion, 
and  other  meteorological  data  available  for  each  local  station  of  tiie  service. 

3.  Except  on  Sunday,  the  central  station  will  communicate  by  telegraph  to  local  sts^ 
tions  in  the  name  of  the  director,  the  daily  weather  indications,  and  alw)  cold  wave  warn- 
ings as  soon  as  practicable  after  the  same  have  been  received  from  Washington. 

4.  As  soon  as  possible  a  system  of  r^ular  visitation  of  all  local  stations  will  be  un- 
dertaken by  the  director,  or  the  signal  officer,  to  verify  the  character  of  local  observa- 
tions and  test  the  condition  of  instnmients. 

5.  Weekly  summaries  of  usefbl  meteorological  facts  and  data  will  be  distributed 
promptly  to  the  newspapers  of  the  State.  A  monthly  bulletin,  setting  forth  in  a  con- 
cise way  the  results  of  each  month's  observations,  will  also  be  published,  in  common 
with  the  practice  of  similar  weather  services  in  other  States. 

6.  Local  stations,  to  the  extent  of  one  in  each  county,  may  be  organized  on  applica- 
tion to  the  central  station  in  vmting,  signifying  a  willingness  to  accept  the  oonditiooi 
and  perform  the  duties  of  such  stations,  as  indicated  in  this  circular. 
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Meteorological  instrumenU. — ^Tbe  meteorological  instruments  needed  for  local  stations 

can  be  obtained  at  reduced  cost,  if  purcbased  by  tbe  director  of  tbis  State  service  tbrongb 
tbe  Chief  Signal  Officer,  Washington,  D.  C.    Prices  at  present  are  as  follows: 

Signal  Service  barometer,  vernier  reading  to  100th  inch  .  — |36  50 

Thermometer: 

Minimum  self-registering 4  60 

Maximum  self-registering 5  60 

Wet  bulb,  cup,  and  support.- 5  10 

Dry  bulb  and  support _  4  00 

Rain  gauge  (copper  overflow) 1  50 

Wind  vane  (sunset) _ 8  00 

Robinson's  anemometer 26  05 

Gibbon's  self-recorder _ _ _  28  55 

Gravity  battery  (2  cups)  and  wire 2  50 

Bnlletui  board  for  telegraphic  dispatches  (estimated) 5  00 

Six  flafQS  for  weather  and  temperature  signals 15  00 

Coldwavefiag _ - _ 2  50 

Total  cost -- 144  90 


These  prices  do  not  cover  cost  of  transportation  of  instruments  from  Washington,  or 
the  expenses  of  a  signal  officer  to  set  up  the  instruments  at  local  stations.  The  actual 
cost  of  these  items  only  will  he  charged  in  addition. 

WM.  W.  PAYNE, 
Director  Minnesota  Weather  Service, 
THOS.  COCHRAN,  Jr., 
WM.  F.  PHELPS, 
D.  R.  NOTES, 
(hmmitiee  of  Cluimber  of  Chmmcree, 


Approved. 


Cablkton  Colleqe  Okskbvatoby,  March  20,  1886. 


W.  B.  HAZEN, 

Chief  Signal  Officer, 


Application  for  a  local  station  in  the  Minnesota  Weather  Service. 


The ,  of ,  hereby  makes  application  to  the  director  of  the  Minne- 
sota weather  service  that  an  observing  station  or  a  flag  station  be  forthwith  located  at 

,  and  that  the  same  be  equipp^  with  the  following  meteorological  instruments 

and  apparatus,  procured  by  the  said  director  at  the  cost  specified  below: 


Inatrumenta. 


Sif^nal  Servioe  barometer,  vernier  reading  to  100th  inch. 
Thermometer: 

Minimum,  sclf-reiri^erlng 

Ma±hnum,  self-registerini; 

Wet  balb,oup,  and  support 

Dry  bnlb  and  support. 

Bain-gange  (copper  overflow) 

Wlnd-vane  (aunset).^ 

Bobinson*B  anemometer 

Gibbon's  self-reoordor 

Oravfty  battery  (two  cups)  and  wire 

Bulletin  board  for  telef^tiphio  dispatches  (estimated) 

8ix  flogs  for  weather  and  temperature  signals................. 

Oold-waveflag 

Total 


The appoints as  a  suitable  person  to  take  chaige  of  this  local  sta- 
tion, and  agrees  to  pay  for  the  services  contemplated  in  this  application i>er  month. 

Xhe  ■  also  agrees,  in  case  instruments  are  broken  at  this  station,  or  in  transit  to  it, 

to  bear  the  loss  and  replace  the  same  as  soon  as  possible. 
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Minnewta  Weather  Service* 
Application  for  a  station  at ,  instruments  located  at ,  flags  displayed  on 


Compensation ,  by 

Reports  of ,  on 


Weather  and  flag  reports  and  correspondence  abont  instruments,  addressed  Signal 
Oflicer,  Minnesota  Weather  Service,  Chamber  of  Commerce,  Saint  Paul. 

All  other  correspondence  should  be  addressed,  William  W.  Bayne,  director,  North- 
field,  Minn. 

The  Minnesota  weather  service,  under  the  auspices  of  the  Saint  Paul  Chamber  of  Com- 
merce, co-oi>erating  with  the  United  States  Signal  Service  and  the  Minneapolis  and 
Saint  Ix>uis  Railway  Company. 

Central  Station  at  Chamber  of  Commbbce  Buildikq, 

Saini  Paul,  March  1,  1886. 

The  director  of  the  Minnesota  weather  service,  with  the  approval  of  the  Chief  Signal 
Officer,  Washington,  D.  C,  has  removed  the  central  station  of  the  weather  service  orig- 
inally organized  by  Carleton  College,  Northfield,  Minn.,  from  that  institution,  and 
located  the  same  permanently  in  the  building  of  the  Chamber  of  Commerce  of  Saint 
Paul.  In  consideration  of  this  change,  the  Chamber  of  Commerce  furnishes  each  aid 
and  offers  such  co-operation  and  supervision  as  are  necessary  for  the  most  efficient  opera- 
tion of  a  general  and  comprehensive  weather  service  for  the  entire  State. 

In  accordance  with  the  above  announcement,  the  director  (in  co-operation  with  the 
Chamber  of  Commerce  committee)  respectfully  submits  the  following  general  statement 
for  the  information  of  the  public : 

This  service  consists  at  present  of  twenty-five  stations  partly  or  wholly  equipped  with 
standard  meteorological  instruments,  purchased  by  the  several  local  stations,  and  tested 
at  the  Chief  Signal  Office  in  Washington,  D.  C. 

STATIONS. 

There  should  be  at  least  one  complete  station  in  each  organized  county  of  State,  under 
the  supervision  of  the  local  board  of  tmde,  city  council,  or  board  of  education,  for  finan- 
cial support  and  responsible  oversight. 

OBSEBVEBS. 

A  competent  and  responsible  person  should  be  chosen  as  observer  for  each  local  sta- 
tion, whose  duties  shall  be  to  record  the  readings  of  instruments  three  times  daily,  and 
report  the  same,  with  other  important  meteorological  facts,  to  the  central  station  once 
a  week,  as  provided  for  in  the  instructions  from  the  Chief  Signal  Office. 

In  order  to  make  the  weather  service  as  laigely  beneficial  as  possible,  authority  sup- 
porting each  local  station  will  l>e  respectfully  asked: 

(1)  To  purcluise  such  a  set  of  flags  as  the  Signal  Service  uses  to  display  its  indica- 
tions. 

(2)  To  prepare  a  bulletin  board  of  suitable  size  and  design,  and  place  the  same  in  a 
conspicuous  place  for  posting  daily  weather  dispatches. 

(3)  That  the  several  stations  shall  cause  these  flags  to  be  promptly  and  regularly  dis- 
played, and  that  all  daily  indications  shall  l>e  placed  on  the  bulletin  board  at  some  spe- 
cified time  in  the  early  part  of  each  day. 

(4)  It  is  also  expected  that  each  local  station  will  bear  all  expenses  for  instruments, 
taking  of  observations,  the  posting  of  bulletins,  and  the  display  of  flags  for  indications 
and  warnings. 

CENTRAL  STATION. 

For  remainder  of  this  circular,  see  page  78. 

Saint  Paui^  Minn.,  Jim*  1, 188C. 

Sib:  I  have  the  honor  to  report  for  May,  1886,  as  follows:  The  work  performed  has 
been  to  canvass  the  State  for  flag  and  meteorological  stations  for  the  Minnesota  weather 
service,  to  prepare  for  publication  the  report  issued  each  month  by  the  service,  to  attend 
to  correspondence,  and  to  prepare  and  deliver  to  the  various  railroads  telegrams  giving 
indications  for  Minnesota,  Eastern  Dakota,  and  Northern  Iowa. 

I  was  absent  from  this  station  May  11, 12,  and  30. 
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I  oommenced  delivering  messages  to  the  Chicago,  Milwaukee  and  Saint  Paul  Railway 
May  10, 7  a.  m.;  the  Minneapolis  and  Saint  Lonis  Hallway  May  24, 7  a.  m;  C.  A.  Hoff- 
man, Minneapolis,  Minn.,  May  3,  7  a.  m. 

Following  is  list  of  stations  on  varioos  lines  now  receiving  telegrams  and  displaying 
signals: 


Stations. 


CShieofiro,  Milwaakee  and  Saint  Paul  Ballway : 

Red  Vfing , 

Winona 

Hasting 

liftke  City 

Wabasha 

Minnesota  and  Saint  Ix>uis  Railway : 

Watertown,  D.  T « « 

Qnylord,  Minn 

Chamoer  of  Commerce,  Minneapolis,  via — 

Chicago,  Milwaukee  and  Saint  Paul  Railway 


Oommenoed  sending. 


Date. 

Hour. 

May  10, 1886 
May  10, 1886 
May  10, 1886 
May  18, 1886 
May  18, 1886 

May  24,1886 
May  24, 1886 

May  10, 1886 

7  a.m. 
7  a.m. 
7  a.m. 
7  a.m. 
7  a.m. 

7  a.m. 
7  a.m. 

7  a.m. 

The  system  of  extending  the  benefits  of  the  Signal  Service  to  the  rural  districts  and 
interior  towns  is  decidedly  beneficial  to  farming  and  other  interests  and  highly  appreci- 
ated by  the  general  public. 

Very  respectfnlly,  yonr  obedient  servant, 

D.  K.  McGINNIS, 
Private^  Signal  Corps,  United  States  Army, 
To  the  Chief  Signal  Officeb,  U.  S.  A., 

WasJdngton,  D.  C. 


OHIO. 


Ohio  Mbteohological  Bu&eau,  Cektbal  Station, 

Columbus,  Ohio,  June  9,  1886. 

Bbab  Sib:  It  gives  me  pleasnre  to  comply  with  yonr  request  for  information  concern-' 
ing  the  workings  of  this  bureau  for  use  in  yonr  report.  The  bureau  owes  its  existence 
primarily  to  Prof.  T.  C.  Mendenhall,  formerly  professor  of  physics  of  Ohio  State  Uni- 
versity, Columbus,  Ohio,  now  in  the  Signal  Service' Office,  at  Washington,  D.  C.  His 
active  interest  in  meteorology  secured  the  Interest  and  co-operation  of  the  agricultural 
organizations  of  the  State  and  resulted  in  the  passage  of  an  act  by  the  general  assembly 
April  17,  1882,  creating  the  bureau  and  providing  for  its  support.  A  copy  of  the  act 
taken  from  the  first  annual  report  of  tho  bureau  is  inclosed. 

The  first  report  issued  was  for  the  month  of  October,  1682,  since  which  time  monthly 
reports  have  been  issued  regularly.  The  bureau  receives  $2,000  annually  from  the  State, 
out  of  which  instruments  for  the  equipment  of  stations  have  been  purchased  and  current 
expenses  paid.  The  only  salary  paid  is  that  of  the  secretary.  A  list  of  the  stations  re- 
porting is  inclosed.  The  list  gives  the  number  and  location  of  each  station,  date  of 
establishment,  latitude,  longitude,  elevation,  and  the  name  of  the  present  observer. 
The  observers  are  volunteers  and  have  given  their  services  without  compensation.  Their 
work  has  been  done  very  faithfully,  as  the  monthly  reports  show. 

I  also  inclose  a  list  of  railroads  carrying  upon  their  baggage  cars  display  signals,  giving 
to  the  regions  through  which  they  run  the  Signal  Service  predictions  for  the  day. 

The  system  used  is  tho  *'sun,  moon,  and  star''  set,  now  so  well  known  throughout 
the  country. 

This  service  has  given  great  satisfaction  to  the  people  along  the  lines  making  the  dis- 
play, and  has  called  forth  many  warm  commendations. 

The  bureau  has  from  the  first  received  substantial  aid  and  encouragement  firom  the 
Chief  Signal  Officer,  General  W.  B.  Hazen,  without  which  some  of  its  most  valuable 
work  would  have  been  impossible.  A  year  ago  he  oflbred  to  pay  for  daily  telegrams  of 
prediction  to  be  sent  to  ten  stations  selected  by  the  bureau,  lie  has  since  authorized 
an  increase  of  the  number  to  thirteen.  A  niess;ige  is  received  from  Washington  each 
morning,  which  is  immediately  repeated  to  each  of  the  thirteen  points,  when  the  proper 
fla^  are  displayed  giving  the  predictions  for  the  day. 
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A  list  of  the  places  receiving  these  messages  is  inclosed,  giving  also  the  date  of  the  ftisl 
message  sent  and  the  address  of  those  making  the  display. 
If  I  have  omitted  anything  yon  desire  to  Imve  stated  please  infonn  me. 
Very  truly,  yonis, 

BENJ.  F.  THOMAS, 
Director  Ohio  Meteorological  Bureau. 
lient.  H.  H.  C.  Dunwoody. 

Annual  report  of  <A6  Ohio  Meteorological  Bureau, 

In  this  the  first  annual  report  from  the  meteorological  bureau  of  Ohio  it  is  thought 
desirable  to  give  a  resum6  of  the  history  of  the  organization  and  work  of  the  service  up 
to  the  present  time. 

The  bureau  originated  in  the  interest  in  scientific  and  practical  meteorology  on  the 
part  of  many  citizens  of  Columbus  and  the  State,  and  in  the  desire  of  the  Chief  Signal 
Officer  of  the  United  States  Army  to  increase  the  effectiveness  of  the  national  service 
by  securing  the  co-operation  of  State  organizations.  A  bill  to  bring  about  such  an 
organization  was  introduced  by  the  house  committee  on  agriculture  in  the  general  as- 
sembly in  the  winter  of  1882,  and  became  a  law  on  April  17  of  that  year. 

The  act  establishing  the  bureau  is  as  follows: 

[Hoiiae  bill  No.  481.1 
AX  ACT  to  establish  a  meteorological  bureau  for  the  State  of  Ohio. 

Skction  1.  Be  it  enncied  hy  the  general  assembly  of  live  State  of  Ohio,  That  there  be, 
and  hereby  is,  established  at  the  State  University,  at  Columbus.  Ohio,  a  central  office 
for  meteorological  observation,  with  the  professor  of  physics  of  said  university,  the  sec- 
retary of  the  State  board  of  agriculture,  and  a  third  person,  to  be  appointed  by  the  gov- 
ernor, OS  a  board  of  directors;  the  members  of  the  board  of  directors  shall  be  commis- 
sioned by  the  governor,  and  be  duly  qualified  as  like  officers  of  the  State. 

Sec,  2.  The  professor  of  physics  of  said  university  is  hereby  appointed  president  of 
the  board,  and  by  and  with  the  advice  of  the  directors  shall  establish,  if  practicable, 
one  volunteer  weather  station  in  each  Congressional  district,  and  supervise  the  same;  he 
shall  receive  reports  therefrom,  and  reduce  the  same  to  tabular  form  and  report  the  same 
monthly  to  the  State  printer  for  publication  as  the  Ohio  weather  report,  and  shall  an- 
nually make  a  report  to  the  governor,  which  shall  contain  a  detailed  statement  of  all 
expenditures  made  during  the  year  and  a  summary  of  the  observations  made  at  the  vari- 
ous stations. 

Ssa  3.  That  the  supervisor  of  State  printing  be  directed  to  print,  under  the  contract 
with  the  State  printer,  2,000  copies  of  each  monthly  report;  1,000  copies  shall  be  dis- 
tributed by  said  board,  and  1,000  copies  shall  be  delivered  to  the  secretary  of  state,  to 
be  distributed  by  him  in  the  same  manner  as  other  State  documents. 

Sec.  4.  There  is  hereby  appropriated  for  the  ensuing  year,  for  the  establishment  and 
maintenance  of  said  bureau  and  stations,  the  sum  of  $2,000,  or  so  much  thereof  as  may 
be  necessary  for  the  purpose  of  meeting  actual  expenses  of  carrying  out  the  provisions  of 
this  act;  no  part  of  said  sum  shall  be  paid  for  sidaries  of  any  officer  or  for  office  rent,  but 
a  reasonable  part  of  the  same  may  be  paid  for  the  services  of  a  clerk  at  the  central 
station. 

Sec.  6.  No  money  shall  be  expended,  except  under  the  order  of  the  president  director, 
by  and  with  the  approval  of  the  board. 

Sec.  6.  This  act  shall  take  effect  from  and  after  its  passage. 

O.  .1.  HODGE, 
Spedkfr  of  tlie  House  of  Bcpreseniatives. 

ii.  A.  HORR, 
President  pro  tempore  of  the  Senate, 

Passed  April  17,  1882. 

The  passage  of  this  act  was  recommended  by  Governor  Foster  in  a  special  message  to 
the  general  assembly,  and  it  was  also  unanimously  recommended  by  the  Stjite  lx>nrd 
of  agriculture. 

List  of  roads  carrying  signals. 

Cleveland,  Mount  Vernon  and  Delaware  Railroad :  Four  trains  rnnning  from  Columbus 
to  Cleveland,  and  all  points  along  the  road  receive  the  benefit  of  signals  before  8.30  a.  m. 
Signals  are  changed  at  Columbus,  Cleveland,  and  Akron.  No  observer  on  line  at  this 
time. 
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Golombns,  Hocking  Valley  and  Toledo  Bailroad;  two  divisions. 

First  division:  From  Golambus  to  Toledo.  Two  trains  daily.  All  points  along  this 
line  are  reached  by  8  a.  m.  The  signals  are  changed  at  Coliunl>ns  and  Toledo.  The 
signals  are  reported  firom  Carey  by  D.  Pearoe,  agent  of  the  railroad. 

Second  division:  From  Golambos  to  Athens.  Two  trains  daily.  All  points  along  this 
division  are  reached  by  the  trains  before  9  a.  m.  of  each  day;  the  signals  are  pat  on  at 
Colnmbos  and  Athens.  The  observers  of  signals  of  this  division  are  W.  H.  Songenecker, 
Lancaster,  and  £.  B.  Clark,  Athens. 

The  signals  are  also  received  on  the  Monday  Creek  branch  of  this  division,  Columbus 
and  Cincinnati  Midland  Railroad.  From  Columbus  to  Cincinnati.  Two  trains  daily.  All 
points  along  the  line  of  this  road  are  reached  by  9.30  a.  m.  The  signals  are  changed  at 
Columbus,  Cincinnati,  and  Blanchester.  In  addition  to  sending  the  signals  over  the  road 
GeoTge  K.  Car,  general  superintendent  of  Columbus,  Hocking  Valley  and  Toledo  Rail- 
road, and  S.  P.  Peabody,  general  superintendent  of  Columbus  and  Cincinnati  Midland 
Railroad,  have  had  the  predictions  telegraphed  over  their  roads  by  the  train  dispatch- 
ers, and  many  points  have  taken  advantage  of  this  kindness  and  display  flags. 

On  the  Columbus,  Hocking  Valley  and  Toledo  Railroad;  Delaware,  Prospect,  Marion 
and  Fostoria  are  displaying  flags,  using  the  telegrams  sent  in  this  way. 

On  the  Columbus  and  Cincinnati  Midland  Railroad,  Mount  Sterling  and  Wilmington 
are  displaying  flags,  and  Washington  Court  House  is  displaying  a  set  of  signals,  as  used 
on  the  baggage  cars,  from  the  telephone  office,  and  also  using  a  whistle,  which  is  giving 
excellent  8atisfiiction«  All  these  points  are  receiving  messages  by  the  kindness  of  the 
superintendent  of  the  railroad  on  which  they  are  located. 


When  established. 

Display  stations. 

Superintendents. 

November.  1885. 

ZanesTille.  Ohio «. 

I^wis  F.  Langley.* 
S.  V.  Courtney. 

July.  1888 

Canton,  Ohio  ^, 

July,  1886....... 

July,  1886 

Wauseon.  Ohio 

Thomas  Mikesell. 

Urbano,  Oliio 

S.  L.  P.  Stone. 

Seotember.  liSSi^ 

Younmiown.  Ohio m.... 

A.  G.  Frost. 

Juiy,l885 

Seotember.  1885 

Pomeroy.  Ohio 

Dr.  D.  N.  Allard. 

Hamilton.  Ohio 

II.  T.  Berry. 

July,  1885 

HlllBOOTO,  Ohio...... •  ..•.....••••..••..» 

McConnellsville.  Ohio 

K.  L.  Warson. 

July.  1885 .....~ 

C.  H.  Morris. 

jAnUAry.  1886 

Yellow  Sprlnss,  Ohio « 

W.  R.  King. 

Apru.1886 

Fultonham,Ohio 

Ck>shoolon.  Ohio 

C.  B.  Fanley. 

April,  1886 « 

May,1886 

Boach  Sl  HcGabe. 

Covington,  Ohio 

Gollipolia,  Ohio ^ 

St.  Clalrsvillo,  Ohio.. 

Aiken  &  Rioheson. 

MiiyilW6, 

J.  II.  Eartisliaw. 

July,  1896 

A.  T.  MoKelvey. 

The  messages  were  transmitted  to  Hillsboro  and  McConnellsville  from  Columbus  until 
May  15,  when,  by  order  of  the  Chief  Signal  Officer,  they  were  discontinued,  and  tho 
messages  are  forwarded  to  Hillsboro  from  Cincinnati,  and  those  for  McConnellsville  from 
Zanesville.  The  messages  to  Yellow  Springs  were  discontinued  on  the  5th  day  of  June 
by  order  of  the  Chief  Signal  Officer. 
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TENNESSEE. 

Tenkssseb  State  Board  of  Health, 

Meteoeolooigal  Department, 

Nashville,  Jkne  1,  1886. 

Dear  Sir:  I  have  the  honor  to  acknowledge  receipt  of  yonr  favor  of  the  27th  ultimo. 

I  inclose  herewith  a  copy  of  the  State  board  of  health  bulletin  for  April,  containing  the 
report  of  the  State  weather  service  for  that  month,  in  which  yon  will  find  on  pagQ  141 
a  list  of  the  stations  and  the  names  of  observeis  who  have  been  reporting  regularly  and 
which  I  hope  you  will  find  satisfactory.  I  inclose  also  a  list  of  the  stations  receiving  the 
daily  weather  indications. 

Regarding  these  latter,  I  find  that  the  system  has  been  most  gladly  and  gratefully  re- 
ceived by  the  citizens  of  the  vicinity  of  the  stations,  and  it  has  certainly  proved  a  most 
effective' way  of  popularizing  the  Signal  Service  in  our  State,  especially  in  eommnnities 
where  many  adverse  criticisms  had  been  made  regarding  its  efficiency  and  benefits. 
Many  of  tJie  citizens  around  these  stations  wonder  how  they  have  done  without  l^e  sig- 
nals BO  long. 

I  had  quite  a  hard  struggle  about  a  year  ago  to  keep  the  State  weather  service  intact. 
The  commissioner  of  the  bureau  of  agriculture,  having  in  charge  the  weather  service, 
concluded  to  give  it  up  as  a  useless  adjunat  to  his  bureau,  and  although  I  used  every 
aigument  I  could  to  dissuade  him,  it  was  a  useless  task,  so  I  persuaded  the  officers  of 
tibe  State  board  of  health  to  take  it  under  their  protecting  care,  agreeing,  if  they  would, 
to  do  the  work  of  correspondence  and  of  compiling  and  tabulating  the  individusd  reports 
each  month  and  making  up  the  general  summaries  just  as  the  work  had  been  done  by 
me  as  secretary  of  the  bureau  of  agriculture.  They  agreed  to  take  charge  of  it  notn 
withstanding  the  very  meager  appropriation  allowed  for  the  health  board,  and  under 
their  charge  the  State  service  has  become  more  popular.  But  before  I  could  take  charge 
of  the  wotk  I  had  to  promise  the  commissioner  of  agriculture  that  it  should  not  inter- 
fere with  my  work  in  thp  bureau;  therefore,  I  have  most  of  the  work  of  compiling,  Ac., 
to  do  at  night. 

I  give  you  these  fiicts  that  you  may  know  the  struggle  for  existence  our  State  service 
has  had.  My  love  for  the  service,  and  my  great  interest  in  it  from  the  first,  having  or- 
ganized it,  and  done  all  the  work  to  the  present  time,  with  but  little  aid  or  enooniage- 
ment,  has  prompted  me  to  ding  to  it.  I  am  confident  that  each  year  will  increase  its 
effidenpy  and  popularity  in  the  State.  I  will  take  pleasure  in  giving  you  any  other 
information  at  any  time. 
Yours,  truly, 

H.  C.  BATE, 
Secretary  Tenness^  Weather  Sermee, 

Lieut  H.  H.  C.  Dun  woody,  A.  S.  O.,  Washington,  D.  0. 

Staiions  receiving  daily  weather  indications. 


City. 

County. 

Remarks. 

Johnson  City.. 

Washington. 

Loudon 

Tjoadon 

Rast  Tennessfm. 

Athens « ».. 

Fayette  viile 

ShelbyviUe 

Murfreesboro 

NewMiddleton 

MoMinn. 

Lincoln. 

Bedford. 

Rutherford. 

Smith. 

Maury «...,..«. 

Davidson 

Columbia 

Nosbville. 

Middle  Tennessee. 
(Central  station.) 

SoHnflrfteld 

Robertson. 

Sumnor. 

Montgomery. 

Henderson. 

Madison. 

Gibson 

Gallatin 

Oarkftvillft...-^ , 

Jjezinfirton 

JfM)klK>nr.....^^.T..r..-T...T.r'r.f-trrTr".-.TT.r 

Milan ., 

West  Tennessee 

Trenton 

Union  City 

Gibson. 

Obion. 

Haywood 

BrOWn8VtUe,-„r,,...,,-r-,.r— ,rtr-,,r.r,-r.r 

Appointed  by  C.  S.  O. 

In  response  to  my  first  request  for  the  location  of  stations  to  receive  the  daily  indica- 
tions General  Hazen  very  kindly  permitted  me  to  name  ten  stations.  Soon  after  they  wero 
established  I  had  several  applications  for  additional  ones,  and.  at  my  request,  General 
Hazen  permitted  me  to  name  six  more.  So  there  are  sixteen  (16)  in  the  State  named 
by  me.  The  station  of  Brownsville  was  named  by  the  Chief  Signal  Officer  at  the  request 
of  the  postmaster.  I  had  sent  a  set  of  flags  down  there  at  the  request  of  one  of  the  dti- 
sDens,  who  promised  to  display  them  on  receipt  of  the  indications  each  day,  but  befoie  I 
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had  tune  to  notify  the  Chief  Signal  Officer  that  Brownsville  was  on  my  list,  my  man 
wrote  me  that  the  postmaster  lu^  been  appointed  to  display  the  signals,  and  sent  the 
flags  back  to  me.  I  was  not  sorry,  as  it  gave  me  the  naming  of  another  station,  which  I 
did.  The  system  is  working  admirably,  and  the  i>eople  are  beginning  to  swear  by  the 
probabilities.    I  inclose  yon  one  of  the  cards  I  had  printed  for  distribution. 

H.  C.  BATE, 
Secretary  Tennessee  Weather  Service. 


List  of  siatuma  for  the  month  of  March,  1886,  as  reported  to  the  State  board  of  health 
voluntary  obsarvers  in  Tennessee^  in  co-operation  vnih  Oeneral  W.  B,  Hazen,  Chief  Signal 
Offlcer,  U.  5.  A, 


County. 


Washington... 

Green 

Hawkins 

Knox.... 

Blount 

Anderson 

Campbell 

Monroe 

Polk „ 

Moraan 

Brawy 

Bledsoe 

Hamilton 

Marion 

Putnam. 

Clay.....  M....... 

"Warren.. 

Coffee 

Do 

Smith 

Wilson 

Bedford 

Rutherford.... 

Linooln 

Davidson. 

Do 

Biaury 

OUcs 

Cheathiun..... 

Maury 

Lewis 

Dickson 

Hickman 

Montgomery. 

Wayne.. 

Hardin 

Henry 

Henderson .... 

Carroll 

Weakly 

Gibson , 

Do 

Hardeman 

Dyer 

Fayette 

Tipton 

Shelby^... 


SUtion. 


Jonesboro 

Greenville 

Rogersville 

Knozville 

Maryville 

Andersonville 

Careyvilla 

Sweetwater 

Parkville 

Sunbrieht 

Grief 

Farmingdale........ 

(a)  Chattanooga.... 

Fostoria 

CookviUe 

Clementsville 

McMinnville 

Manchester 

Beech  Grove 

Riddleton 

Austin 

Flat  Creek 

Florence  Station.. . 

Howell 

Nashville 

Hardison*s  Mills.., 
Hurricane  Switch. 

Pulaski 

Kingston  Springs. 

Ash  wood 

Hohenwald 

Dickson 

Warner. 

Sailors'  Rest 

Waynesboro 

Savannah.. 

Paris 

Lexington 

Huntingdon 

Dresden 

Trenton 

Milan 

Boliver 

Dyersburg. 

Somerville » 

Covington. 

Woodstock 

(a)  Memphis.^ 


Observer. 


Robert  L.  Mason. 
Rphraim  Link. 
S.  M.  Miller,  M.  D. 
WUliam  O.  Bailey. 

J.  K.  P.  Wallace. 
David  Hart,  M.  D. 
Prof.  J.  L.  Baohman. 
J.  C.  Williamson. 

J.T.Cowden. 
Lewis  Boynton. 
Bdward  A.  Beals. 
Charles  Foster. 
H.  C.Taylor. 


Wiley  Hickerson. 
A.  B.  Robertson,  Jr. 
S.  P.  Furgusson. 
P.  B.  Calhoun. 

C.  F.  Vanderford. 
O.R.  Hatcher,  M.D. 
L.  N.  Jeeunofsky. 

J.  A.  Laughlin. 


O.  F.  Williams. 
R.  Downey. 
Miss  Lissie  Reep. 

John  Minor. 

O.  Buchanan,  M.  D. 

H.R.Hinkle. 

Prof.  S.  A.  Mynders . 
A.W.Hawkhis,M.D. 

A.  S.Ourrey. 

M.  D.  L.  Jordan,  M.  D. 

C.  H.  Anderson. 

Dortch  &  Cummins. 
James  L  Hall. 
C.  W.  Graves. 
D.T.Flannery. 


MICHIGAN. 


MicHiOAK  State  Board  of  Health. 

Lansing y  Mich,,,  June  8,  1886. 

Dear  Sir:  In  reply  to  your  letter  of  Bfay  27,  1886, 1  would  say  that  there  exists  no 
oxptnization  in  the  State  of  Michigan  under  the  exact  title  of  '* State  weather  service." 
In  the  year  1877  the  Michigan  State  board  of  health,  in  order  to  acquire  an  accurate 
knowledge  of  the  climatic  condition  of  the  State,  for  use  in  connection  with  knowledge 
of  its  sanitary  condition,  in  the  study  of  the  public  health,  instituted  a  voluntaiy  meteor- 
ological service  consisting  at  first  of  twelve  stations.  This  service  has  been  gradually 
increased  until  at  present  it  numbers  thirty-seven  stations.  The  observers  for  this  serv- 
ice are  of  two  classes,  the  one  being  composed  of  the  ofilcers  of  the  United  States  Signal 
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Benrioe  Corps  who  are  stationed  in  this  State,  and  who,  by  courtesy  of  the  Chief  Signal 
(Moer  of  the  United  States  Army,  are  permitted  to  famish  this  office  monthly  with  a 
copy  of  the  record  of  their  meteorological  observations;  the  other  class  consists  of  a 
number  of  voluntary  observers  in  different  parts  of  the  State  who,  without  pecuniaiy 
remuneration,  have  consented  to  make  and  forward  to  this  office  meteorological  observ- 
ations at  their  several  localities. 

The  last  named  class  of  observers  are  furnished  with  instruments,  blank  forms,  and 
other  necessary  material  for  the  work  by  the  State  board  of  health.  The  first  named 
class  use  the  instruments  supplied  by  the  United  States  Signal  Service  authorities,  and 
are  famished  with  blank^forms  and  ozone  test  paper  only  from  this  board.  The  obser- 
vations taken  and  transmitted  to  this  office  by  the  above  mentioned  observers  are  tri- 
daily  at  or  near  the  hours  of  7  a.  m.,  2  p.  m.,  and  9  p.  m.,  local  time,  and  consist  of 
readings  of  open-air  and  registering  thermometers,  psychrometer  and  barometer,  together 
with  a  record  of  the  per  cent,  and  kind  of  cloudiness,  force  and  direction/of  wind,  colora- 
tion of  ozone  test  paper,  kind  and  amount  of  precipitation,  and  whatever  casual  phe- 
nomena may  occur.  The  instruments  supplied  to  the  voluntary  observeis  by  this  board 
are  manufactured  by  J.  &  H.  J.  Green,, of  New  York  City,  and  the  ozone  test  paper  is 
prepared  according  to  the  Schonbein  formula  by  Professor  J.  H.  Long,  of  Chicago  Medi- 
cal College. 

The  results  of  the  observations  thus  made  are,  when  received  at  this  office,  compiled, 
tabulated,  and  graphicaJly  portrayed  in  diagrams,  and  so  rendered  available  for  the  pur- 
pose for  which  their  were  intended,  viz.,  the  facilitation  of  the  stady  of  subjects  promo- 
tive of  the  public  health,  by  comparison  of  meteorological  and  sanitary  conditions,  and 
are  published  in  the  annual  reports  of  this  board.  The  following  is  a  complete  list  of 
the  observers  reporting  to  this  office,  with  the  localities  from  which  they  report,  ar- 
ranged divisionally  with  regard  to  their  geographical  positions,  beginning  with  the  most 
northerly  situated: 


Name. 

Place  of  observation. 

County. 

W.W.  Dent* 

Marauette... 

Marquette. 

Arthur  Beebe 

Manistiaue 

Hcboolcrafi. 

L.  M.  Pindell* 

Escanat^ 

Delta. 

O.  H.  Cleveland.  M.  D 

Pent  water 

Oceana. 

8.  E.  Walt 

Traverse  City 

Q  rand  Traverse. 

A.  W.  Nicholson.  M.  D 

BoyneCity 

Charlevoix. 

Qeorflre  M.  Chappel* 

Mackinaw  City 

Cheboygan. 
Alpena. 

James  J.  Fitzirenvld*... 

Alpena. 

Harrisvllle 

Grand  Haven 

D.  W.  Mitchell.  M.  !>..... 

Alcona. 

Joffenh  R.  Mueil^r* 

Ottawa. 

John  P.  Stoddard.  M.  D 

Muskesron...... 

Muskeiron. 

B.  S.  Richardaon.  M.  D 

Reed  City 

Osceola. 

John  J.  OranvillOM... •••••....... ......... 

Fiuft  SfMrinaw.. 

Hoirinaw. 

John  W.  KimbalL. 

Port  Austin 

Huron. 

William  M.  Edmonson* 

Port  H"«'on..T.........T.. 

Sfiint  Clair. 

John  S.  Calkins,  M.  D 

Thomville 

Lapeer. 

Professor  R.  O,  Kedzie... 

Airriouttural  Collecre.. 

Intrham. 

Professor  J.  W.  Ewiogr 

Ionia - 

Lansinjc 

Ionia. 

R.  H.  McCallum 

Ingham. 

Q.  O.  Gordon.  M.  D „ 

Swartz  Creek 

Genesee. 

Professor  M.  W.  Harrinston 

Ann  Arbor 

Washtenaw . 

Battle  Creek 

Calhoun. 

A.  H.  Boies... 

Hudson 

I^enawoe. 

Qeorse  C.  Palmer,  M.  D 

Kalama^Eoo 

Kalamazoo. 

W.T.  Drake !.. 

Marahafl 

Calhoun. 

L.  G.  North,  M.  D. 

T<»<t"ml^^h ,     ,  .,.., 

Lenawee. 

H.  Alexander ....axxxaw.i   . 

Birminirham 

Oakland. 

N.  B.  Conger*.. 

De'troit 

Wayne. 

MtltAf)  ChmWv  M.  D     

Otsego... , 

Allegan. 

*  United  States  Signal  Service  observers. 

I  take  pleasure  in  forwarding  to  you  the  above  statement  in  regard  to  the  meteoro- 
logical department  of  this  board,  and  shall  be  glad  to  afford  you  any  further  inibrma- 
tion  on  the  subject  you  may  in  future  desire. 

I  may  add  that  this  branch  of  the  work,  under  the  direction  of  the  Michigan  State 
board  of  health,  has  already  yielded  valuable  data  for  the  study  of  the  causation  of  two 
of  the  most  important  diseases  which  cause  deaths  in  Michigan,  namely,  typhoid  fever 
and  pneumonia,  it  having  been  shown  by  means  of  the  data  thus  collected  that  the  rise 
and  fall  of  the  typhoid  fever  in  Michigan  is  apparentlycontroUed  by  the  rise  and  fall  of 
the  ground- water,  probably  for  the  reason  that  when  the  water  in  wells  is  low  the  leach- 
ings  into  it  from  privy-vaults  is  least  dUuted.  The  causation  of  pneumonia  appears  to 
be  in  an  entirely  different  manner,  not  materially  influenced  by  the  rainfidl,  but  it  ia 
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controlled  by  the  atmospheric  temperatare  and  hnmidity.  As  soon  as  its  mode  of  caus- 
ation is  fally  understood  by  the  people  it  is  hoped  that  many  lives  may  be  saved,  even 
thongh  such  climatic  conditions  cannot  be  changed,  except  in  buildings  in  which,  after 
all,  a  large  part  of  the  time  of  most  people  is  spent  The  studies  of  the  causation  of 
othe»  diseases  are  in  progress. 
Very  respectfully, 

HENRY  B.  BAKER, 
Lieut  H.  H.  C.  Dunwoody,  .  Secretary, 

Signal  Service,  United  States  Army^  Washingtotif  D,  C 


MISSOURI. 


The  following  is  a  sample  of  the  monthly  bulletin  issued  by  the  Missouri  State 
weather  service,  under  the  direction  of  Professor  Francis  E.  Nipher,  director;  Maurice 
Johnson,  assistant: 

Missouri  Wkatheb  Service,  Julyj  1886. 

The  past  month  has  been  an  exceedingly  dry  'one  all  over  the  State,  except  the  ex- 
treme southern  part,  where  the  rainfall  was  nearly  6  inches  at  Protem,  Taney  County, 
near  the  border  of  the  State.  From  here  the  fall  diminished  to  fractions  of  an  inch  in 
the  central  and  northern  parts,  and  at  three  stations,  viz.,  Chamois,  Kirksville,  and 
Pleasant  Hill,  no  appreciable  rain  occurred,  the  report  being  zero. 

The  faXL  at  the  central  station  was  0.24  inch,  which  shows  a  deficiency  of  3.92  inches, 
the  normal  for  July  being  4.16  inches.  This  is  the  least  amount  of  rain  for  the  month 
of  July  recorded  at  the  central  station  since  1839.  The  next  smallest  July  rainfall  on 
record  is  0.84  inch  for  1846  and  0.92  for  1853. 

The  mean  temperature  at  the  central  station  was  80^.4,  which  is  1^.2  above  the  nor- 
mal. The  highest  temperature  recorded  was  95^.5  on  the  29th,  and  the  lowest  was  65^ 
on  the  15th,  17th,  18th,  and  19th. 

The  mean  temperature  for  the  State  was  78^.3  for  the  month,  as  deduced  from  the  re- 
ports of  eighteen  observers.  The  same  value  was  obtained  for  this  month  in  1885. 
The  highest  temperature  reported  was  106^  at  Miami,  104^  at  Protem,  and  102°  at  Se- 
dalia;  lowest  was  50°  at  Ironton,  55°  at  St«elville,  and  57°  at  Houstonia. 

The  observer  at  Chamois  remarks  that  ^Hhere  has  not  been  rain  enough  this  month 
to  wet  a  cotton  handkerchief  spread  out — the  driest  month  on  record.  Mean  tempera- 
ture a  little  over  one  degree  below  the  normal;  while  the  rainfall  is,  of  course,  2.15 
inches  below.  Com  could  not  make  more  than  one-third  crop  if  it  were  to  rain  now ;  yet 
it  has  not  *  fired  up '  as  badly  as  would  be  expected  from  so  long  a  drought." 

Lamonle, — ^Notwithstanding  the  extreme  dryness  of  the  month  there  is  a  prospect  for 
something  like  a  half  crop  of  com.  Grapes  are  being  injured  by  the  drought,  and  gar- 
dens are  greatly  damaged.  People  are  hopeful,  however,  and  have  been  worse  off  in  past 
years. 

Miami, — ^Wheat  is  good;  all  the  grasses  fine;  com,  two-thirds  crop  without  any  more 
rain;  apple  crop  good.    Hog  cholera  has  killed  ove^  two- thirds  of  the  hogs. 

i>rtn^to».— Late  com  almost  ruined  by  drought  and  pastures  nearly  worthless. 

Houatonia — ^The  close  of  the  month  finds  the  ground  hard  and  dry;  com  suffering 
greatly  for  rain,  and  grass  dry  and  short. 

La&i  reports  the  com  very  much  damaged  by  drought;  but  hay  the  best  ever  known. 

Siivannah  reports  an  average  crop  of  com  on  new  clover  ground;  but  on  old  ground  it 
is  dried  up;  grass  about  half  crop;  a  great  number  of  fruit- trees  dying,  the  ground  being 
dried  up  to  a  depth  of  4  feet. 

Oregon  reports  this  July  the  dryest  in  thirty-two  years.  The  early  com  of  the  county 
will  make  a  good  crop;  late  com  is  **  firing;"  fruits  are  better  t^ian  usuaL  Streams  are 
low  and  pasturage  suSOfering;  many  farmers  are  compelled  to  dig  wells  for  their  stock. 

The  following  was  sent  in  by  Professor  Nipher: 

lovM.  City,  Iowa, — ^There  has  been  no  appreciable  rainfall  here  during  July,  and  the 
fall  has  not  been  over  half  an  inch  in  all  since  the  middle  of  May.  Wheat,  oats,  and 
hay  turned  out  well,  the  quality  being  excellent  The  com  crop  is  badly  damaged,  the 
late  planting  being  beyond  help.  It  is  already  in  tassel,  although  only  2  to  3  feet  high. 
The  early  planting  may  yield  half  a  crop  if  rains  come  soon.  This  drought  extends  over 
a  large  part  of  Central  and  Southem  Iowa,  although  local  rains  have  &llen  in  some  parts 
of  the  State. 

MAURICE  JOHNSON, 

Assistant  in  Charge, 

Washington  University,  Augwi  9, 1886. 
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Tabulation  of  observations. 


The  sign  —  in  the  rainfall  oolamn  denotes  inapprwciabU, 


City. 

Observers. 

Temperature  for 
month. 

Rain- 
fall. 

No.  i 

[lays. 

Min. 

Max. 

Mean. 

Bain. 

T.L. 

Cairo.  Ill • 

0.  L.  Bozsell 

o 
62.0 

o 
92.0 

o 
78.1 

Inchet. 
1.01 

5 

s 

Comins: 

Centreville 

William  Kaucher 

M.  McKenzie 

Cliamois 

Q.  W.  Dallas 

64.0 

99.0 

77.4 

0 
3* 

0 

OlAHorow T 

T.  Berry  Smith 

4.50 

0.06 
1.30 
0.«3 

Qreenfleld 

S.B.Bowles 

66.0 

100.0 

79.0 

3 

Harrisonville.M 

Gcorsre M.  Houston...... 

Hannibal 

F.W.Gill 

63.0 
57.0 
50.0 
58.0 
62.0 
68.0 
58.5 
62.0 

98.0 
99.0 
91.0 
97.5 

101.0 
87.0 

100.2 
96.5 

Houstonia 

S.  J.  Spun):eon 

78.1 
71.6 
77.5 
77.9 

'"mT 

77.3 

3 
3 
2 
0 
2 
2 
4 

Ironton... 

W.  H.  Delano 

2 

Keokuk,  Iowa 

Sergeant  Gosewisch»... 
Charles  Patterson 

1 

Kirkaville... 

Laflin 

M.  L.  Cartwright 

3.00 
0.55 
0.31 

1.7« 

0.37 
0.03 
0.20 
0.32 
0.20 

""s.'oi" 

0.62 
0.20 

0.24 
0.50 

0.58 
0..30 
0.50 
0.01 

Tieavenworth,  Kansi 

L.  A.  Welish 

0 

licxinfrton. 

J.  B.  Alezanoer 

3 

A&a  W  m  AsAflBlfiFM  ■•■■■■*>■  >■>■■> 

lAimar.. 

J.  W.Dunn «. 

I^amonte 

R.A.S.Wade. 

3 

Linking: 

Masooutah,  III 

J.T.Morris 

Theodore  Englemann.. 
P.J.  Llewellyn.. 

61.0 
61.0 
58.0 
68.0 
61.0 
66.0 
60.0 

101.5 
98.0 

106.0 

101.0 
98.0 
97.0 

104.0 

81.6 

1 
2 
3 
4 
3 
0 
9 

1 

Mexico..... • 

1 

Miami 

A.  W.  Sullivan.. 

77.0 
79.1 
78.6 

**"8i.6" 

Mound  City.. 

Lawrence  Kauolier 

Mrs.  William  Kaucher.. 
G.  O.  Broadhead 

0 

Oroffon 

Pleasant  Hill 

Protem.. 

Silas  Tumbo.. 

9 

J.  S.  Wade 

Sedalia 

61.0 
55.0 

102.0 
98.0 

80.7 

3 
3 

1 

Steelville 

E.  A.  Pinnell « 

Hprinefiold 

E.  M.  Shepard 

Warrenton 

John  ECFriok... 

64.0 

66.0 
62.7 

98.0 

95.5 
96.1 

75.5 

80.4 
80.4 

2 
3 

""2" 

1 
1 
I 

Saint  Louis: 
Central  station 

Maurice  Johnson 

0 

Siffnal  offloe« 

Senreant  Weber..... 

2929  Olive  street 

A.  W.  Meston. 

Water-works 

Savannah « 

R.yan  Buskirk 

70.0 

101.0 

1 

Saint  Charles. 

J.  B.  Mudd.. 

0 

Shelbina 

John  S.  Cliandler 

ILLINOIS. 

Illinois  State  Wkathke  Seevice,  Bibbctob's  Office, 

Springfield,  July  29,  1886. 

Chief  Signal  Offices,  Washington,  D,  C. 

Deab  Sib:  In  compliance  with  your  request,  I  herewith  inclose  a  short  sketch  of  the 
Illinois  weather  service. 
Hoping  that  it  will  meet  your  requirements,  I  am  yours,  truly, 

CHARLES  F.  MILLS,  Director. 

The  Illinois  State  weather  service  was  organized  in  July,  1877,  with  thirteen  vol  on- 
taty  oheervera,  under  the  direction  of  Hon.  S.  D.  Fisher,  secretary  of  the  Illinois  State 
Board  of  Agriculture,  who  oondncted  the  same  until  January,  1885. 

A  signal  station  was  established  at  Springfield  in  1877,  and  began  to  report  to  the  State 
director  in  February,  1878. 

Reports  were  first  received  J&om  the  station  at  Cairo  in  May,  1878,  and  from  Chicago 
in  August,  1879.  In  January,  1885,  the  number  of  regular  observers  was  twenty-two, 
which  number  has  gradually  increased  until  June,  1^6,  when  reports  were  received 
from  sixty-one  stations,  and  three  of  the  regular  observers  failed  to  get  their  reports  in 
the  hands  of  the  director  in  time  to  have  them  incorporated  in  the  weather  review. 

Three  of  the  observers  have  reported  to  the  department  ever  since  its  establishment, 
in  1877;  three  began  reporting  in  1878;  one  in  1879;  three  in  1881;  eight  in  1882;  two 
in  1883,  and  three  in  1884.  The  remaining  forty  began  making  ob9§rvf^tipQ9  within  the 
last  eighteen  months. 
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The  Illinois  department  of  agricaltnre  publishes  a  monthly  weather  review  of  about 
thirty  pages,  which  contains  tables  giring  all  the  daia  collected  by  the  observers,  as  well 
as  a  sommary  of  the  same  by  counties  under  the  head  of  remarks,  and  an  introduction 
which  gives  the  most  salient  points  and  the  phenomena  of  all  kinds  for  the  entire  State. 
A  Bummaty  of  the  observations  is  sent  each  month  to  all  the  newspapers  of  the  county 
in  which  the  station  is  situated,  and  published  by  them,  thus  giving  every  one  in  the 
county  the  benefit  of  them.  * 

The  review  also  contains  a  list  of  the  stations  in  Illinois  displaying  the  weather  flags, 
which  list  is  enlarged  monthly  as  the  people  of  the  various  towns  in  the  State  awake  to 
the  advantage  of  knowing  the  weather  indications  each  morning.  Much  interest  is  felt 
in  this  branch  of  the  service,  and  the  efforts  of  a  few  enterprising  men  are  making  them- 
selves felt  over  a  large  area  of  country.  Illinois  inaugurated  the  system  of  announcing 
the  indications  by  means  of  steam  whistles,  the  whistle  at  the  deaf  and  dumb  asylum 
at  Jacksonville  being  the  first  one  in  u^e.  A  regular  code  of  steam- whistle  signals  has 
been  formed  and  is  uniform  throughout  the  State.  The  plan  is  found  specially  useful 
in  agricultural  districts,  as  the  farmers  can  hear  the  whistle  at  a  much  greater  distance 
than  they  can  see  the  flags. 

The  Chicago  and  Alton  Railroad  Company  has  entered  into  the  spirit  of  this  work, 
and  delivein  the  dispatches  to  all  points  on  their  line,  where  requested,  free  of  charge. 


COLORADO. 


Colorado  Mbtbobolooical  Association, 

Colorado  f^nffs,  CoHo.^  Jime  7,  1886. 
Lieut.  H.  H.  C.  Dun  woody,  U.  S.  A., 

Office  Chief  Signal  Officer,  Waskinglon: 

1  have  the  honor  to  inclose,  in  response  to  your  recent  invitation,  an  account  of  the 
organization  of  the  Colorado  weather  service,  and  the  work  accomplished  daring  the  two 
months  of  its  active  existence  to  the  1st  instant. 

May  I  trouble  you  to  insert,  in  the  fourUi  line  before  the  end,  the  initials  of  Sergeant 
Notson,  of  Cheyenne,  which  are  unknown  to  me? 

I  would  bo  greatly  obliged  if  you  would  tell  me  (unless  the  information  is  contained 
in  forthcoming  report)  what  steps  must  be  taken  for  the  distribution  of  weather  indica- 
tions in  Colorado. 

I  am  yours,  very  respectfully,  F.  H.  LOUD. 

The  Colorado  Meteorological  Association  was  organized  at  Denver,  December  30, 1884, 
and  articles  of  incorporation  were  filed  in  accordance  with  the  law  of  the  State  on  Janu- 
ary 3,  1885. 

These  articles  set  forth  as  the  object  of  the  association  the  following:  "Observing, 
collecting,  recording,  and  publishing  the  meteorological  phenomena,  occurrences,  and 
changes  within  the  State  of  Colorado  and  all  purposes  and  objects  connected  with,  in- 
cident to,  or  necessary  for  the  effective  carrying  out  of  the  above  purposes." 

The  articles  of  incorporation  provide  for  an  annual  meeting  of  the  association,  at 
which  is  elected  a  board  of  directors  to  take  cliarge  of  the  work  of  the  association  dar- 
ing the  coming  year.  The  directors  for  the  first  year  were:  Charles  F.  Wilson,  presi- 
dent;  Samuel  A.  Fisk,  M.  D.,  secretary;  Prof.  Sidney  11.  Short,  of  Denver  University; 
Prof.  Charles  F.  Davis,  of  the  Colorado  Agricnltural  College;  Prof  Paul  H.  Hanns, 
of  the  University  of  Colorado;  Prof.  F.  11.  Loud,  of  Colorado  College;  Charles  Deni- 
son,  M.  D. ;  Edwin  S.  Kettleton,  State  engineer,  and  Sergeant  J.  J.  Gilligan  in  charge 
of  the  United  States  signal  station  at  Denver.  These  gentlemen  were  re-elected  at 
the  annual  meeting  January  8,  1886.  At  the  first  meeting  for  the  election  of  officers 
Prof.  S.  H.  Short  was  cho%n  as  director  of  observations,  the  duties  of  that  office  hav- 
ing been  so  defined  as  to  embrace  the  general  superintendence  of  a  State  weather 
service.  The  same  gentleman  was  re-elect^  to  this  office  a  year  later,  but  sabsequently 
resigned,  and  in  March,  1886,  the  present  incumbent  was  chosen  to  fill  the  vacancy. 

During  the  first  year  of  the  association,  efforts  were  made  to  obtain  State  aid  for  the 
maintenance  of  the  service,  but  these  were  unsuccessful,  and  the  association  remaius 
dependent  entirely  upon  the  fees  of  members  and  voluntary  contributions.  Under 
these  circumstances,  combined  with  the  fact  that  the  time  and  attention  of  all  the 
directors  were  engrossed  with  the  duties  of  their  several  profensions,  progress  has  neces- 
arily  been  slow. 

At  a  meeting  of  the  directors,  held  March  23,  1886,  action  was  taken  for  the  organiza- 
tion of  the  State  weather  service,  and  it  was  deemed  best  to  make  a  beginning  by  the 
periodical  publication  of  weather  records,  drawn  from  tho  observations  of  a  few  gentle- 
men, mostly  members  of  the  association,  who  were  known  to  be  ready  to  contribute 
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fheir  oBsistanoe.  Accordingly  a  weekly  record  for  newspaper  publication,  to  be  continued 
through  the  summer,  was  commenced  April  13,  and  thefi^rst  number  appeared  in  the  Dri- 
ver Tribune,  Republican,  and  the  Colorado  Springs  Gazette.  A  series  of  monthly  bulletins 
was  begun  with  the  number  for  April.  To  these  publications,  and  to  correspondence  relat- 
ing to  the  establishment  and  direction  of  observing  stations,  the  work  of  the  present  di- 
rector of  observations  has  been  confined.  The  observers  who  undertook  to  report  ob- 
servations from  the  outset  of  the  work  at  the  beginning  of  April  were  the  following: 

Seigt  James  J.  Giligan,  Denver;  Kr.  W.  H.  Powless,  Alma;  A.  Comstock,  M.  D., 
Westclifie;  F.  H.  Lay,  M.  D.,  Pueblo;  C.  R  UnderhiU.  M.  D.,  SaUda;  F.  H.  Loud,  Colo- 
rado Springs;  Capt.  T.  A.  Cunningham,  U.  8.  Army  (post  surgeon),  Fort  Lewis;  SergL 
T.  C.  Collins,  Montrose;  Mr.  Emery  P.  Moon,  Husted.  Of  these  gentlemen,  the  first  six 
named  are  members  of  the  association.  During  the  two  montlis  following,  to  June  1, 
1886,  the  roll  of  observers  was  increased  by  the  following  names:  Prof.  Elwood  Mead,  of 
the  State  Agricultural  College  at  Fort  Collins,  who  contributed  observations  from  Do- 
lores, Colo.;  W.  L.  Dorland,  M.  D.,  Glen  wood  Springs;  Miss  Naomi  Yocnm,  Trinidad; 
H.  U.  Seldemridge,  who  observed  at  a  ranch  near  Sanborn;  I.  B.  Perkins,  M.  D.,  Hugo; 
and  Mr.  Ignatius  Zeller,  Idaho  Springs.  By  the  kindness  of  the  Chief  Signal  Offic^, 
the  following  observers  and  stations  of  the  United  States  service,  comprising  (with 
those  at  Denver  and  Montrose,  alr^bdy  mentioned)  all  within  the  limits  of  Colorado 
and  three  in  the  vicinity,  have  been  directed  to  aid  the  association,  and  have  sent  full 
reports  of  the  observations  taken  since  April  1:  Sei^gts.  T.  H.  Brandenburg,  West  Las 
Animas;  H.  Hall,  Pike's  Peak;  J.  K  Lanouette,  Dodge  City,  Kans.;  W.  V.  Twaddle, 
Santa  F^,  N.  Mex.,  and  D.  B.  Notson,  Cheyenne,  Wyo. 

Aside  from  the  telegrams  of  the  Associated  Press,  the  weather  indications  of  the  cen- 
tral office  are  at  present  (June  1)  received  only  by  the  observers  in  charge  of  the  United 
States  Signal  Service  stations. 

Respectfully  submitted. 

F.  H.  LOUD, 
Director  of  Observaiions,  Colorado  College^  Colorado  Springs,  Colo. 


NEBRASKA. 
Nebraska  WeaOier  Service,  annual  report^  1885. 

BoswELL  Observatoby,  Doane  Colleqe,  Crete,  Nebraska. 

At  the  close  of  this,  the  first  entire  year  in  which  the  service  has  been  under  the  pres- 
ent management,  it  is  fitting  that  there  should  be  a  report  upon  the  work  done  during 
the  year  at  the  central  office.  This  has  been  nothing  less  than  the  entire  overhauling 
and  revision  of  the  reports  of  observers  from  the  year  1878  down  to  date,  with  a  view  to 
selecting  out  what  was  reliable  and  discarding  what  was  not.  Many  of  the  observers  were 
untrained  in  the  careful  methods  of  the  meteorology  of  to-day.  Some  did  not  know  how 
to  makeaverages  correctly.  Several  inquiries  have  come  to  this  office,  e.  </. , '  ^  how  to  aver- 
age temperatures  when  some  were  below  zero;' '  and  it  appears  that  some,  not  taking  the 
trouble  to  inform  themselves,  had  treated  such  temperatures  as  if  they  were  above  zero. 
Many  such  mistakes  as  this  have  been  rectified  and  many  other  observations  discarded 
where  there  seemed  reason  to  doubt  their  correctness.  The  entire  mass  of  individual 
monthly  reports,  about  three  thousand  in  number,  have  been  gone  over,  doubtful  data 
eliminated,  many  of  their  averages  recast,  and  revised  averages  made  from  the  whole. 

Thus  it  is  believed  that  the  statistics  for  Nebraska  weather  for  the  past  eight  years 
have  been  put  into  reliable  and  convenient  form  for  future  reference  and  study,  and  that 
the  tables  here  given  may  he  depended  upon.  Any  slight  discordance  between  these 
tables  and  previously  published  bulletins  is  thus  explained. 

PROGRESS. 

There  are  now  thirty-four  stations  reporting  monthly,  besides  those  merely  receiving 
the  indications  and  displaying  signals.  They  cover  somewhat  thoroughly  the  southern 
two-thirds  of  the  eastern  half  of  the  State,  although  some  aro  scattered  through  the 
counties  of  Lincoln,  Red  Willow,  Keith,  and  Cheyenne  in  the  extreme  west.  There  are 
three  fully  equipped  stations,  viz.,  the  Government  stations  at  Omaha  and  North  Platte 
and  the  central  office  at  Crete.  Other  observers  are  provided  mainly  with  thermometers 
and  rain-gauges  only,  though  several  have  barometers  and  maximum  and  minimum 
thermometers. 
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PLANS  FOB  THB  FUTUBE. 

The  subject  to  which  particnlar  attention  will  be  tamed,  now  that  the  statistical  work 
has  been  pat  upon  a  good  foundation,  will  be  the  display  of  weather  signals  in  Tarions 
parts  of  the  State.  Several  stations  are  now  displayingcold-wave  flags,  and  arrangements 
are  now  being  made  with  the  Chief  Signal  Officer  in  Washington  by  which  a  daily  tele- 
gram will  be  sent  to  this  office,  and  plans  are  being  perfected  for  distributing  the  in- 
ibrmation  to  various  other  points. 

BBPOBT  OF  OBSEBVBBS. 

The  monthly  reports,  even  of  observers  provided  only  with  thermometers  and  rains 
gauges,  are  somewhat  full,  as  may  be  seen  by  the  inclosed  form  of  blank  used  by  thi- 
service. 

CBOP  BEFOBTS. 

Observers,  many  of  them  farmers,  are  asked  also  to  famish  monthly  reports  of  the 
condition  and  prospects  of  crops,  fraits,  &c.,  for  pablication  in  the  monthly  bulletin. 

WEATHEB  INDICATIONS. 

Besides  the  central  station  the  following  observers  receive  the  daily  indications  and 
display  signals  under  the  direction  of  this  service:  J.  B.  Parmelee,  Nebraska  City;  Albert 
Watkins,  Lincoln;  S.  S.  Kauffman,  Stromsburg;  S.  L.  Brass,  Juniata;  Thomas  Shryock, 
Louisville;  laeggi  F.  Sheepbach,  Columbus;  C.  L.  Howell,  Grand  Island;  W.  A.  Wag- 
ner, Beatrice;  T.  J.  Pickett,  jr.,  Ashland;  F.  L.  Wheedon,  York. 

The  following  also  receive  the  indications  and  display  signals,  though  not  reporting  to 
this  office:  W.  W.  Wateon,  Fairbury;  A.  Minnick,  FalJs  City;  Kenny  &  Stewsuxl,  Blair. 

Until  debarred  by  the  late  decision  of  the  Postmaster-General  there  were  sent  out 
daily  on  the  mails  East,  South,  and  West,  to  all  post-offices  which  could  be  reached  by 
6  p.  m.  (about  sixty  in  number)  the  8i>ecial  10  a.  m.  predictions,  a  card  being  used  for 
this  purpose. 

The  f<&lowing  is  the  present  list  of  observers: 

Mean  T^emperaturea. — Crete,  C.  E.  Chadsey;  Omaha,  A.  Pollock;  Central  City,  C. 
Shieldstream;  Dawson,  M.  L.  Lffibee;  De  Soto,  Charles  Seltz;  Falls  City,  Jennie  Keim; 
Fremont,  I.  E.  Heatou:  Harvard,  M.  F.  Wistrom;  Lincoln,  H.  H.  Wing;  Minden,  Joel 
Hull;  Mission  Creek,  M.  K.  Walker;  Nebraska  City,  J.  B.  Parmalee;  Ogalalla,  Dr.  L. 
M.  Line;  Sargent,  S.  W.  Perin;  Stromsburg,  S.  S.  Kauffman;  Syracuse,  P.  W.  Risser; 
Weeping  Water,  G.  Treat;  West  Hill,  J.  L.  Truman. 

Noon  Temperature. — Ashland,  George  Shedd;  Beaver  Creek,  E.  Smith;  De  Witt,  P.  C. 
Ware;  Fairbury,  Dr.  Humphrey;  Keene,  Addie  Le  Bar;  Marquette,  J.  Ellis;  Neligh, 
H,  C.  Huxford;  Red  Willow,  Mrs.  R  Buck;  Stockham,  J.  W.  Gray;  West  Point,  E.  G. 
Bmner;  York,  D.  P.  Nicholson. 

AIM — ^North  Platte,  J.  Fitzgerald;  Purdum,  T.  C.  Jackson;  Hay  Springs,  William 
Watermah;  Pleasant  Hill,  Charles  Ingles;  Hannah  Thompson,  Mead. 

Through  the  kindness  of  the  Chief  Signal  Officer  the  various  publications  of  that  office 
are  sent  to  this  office  for  distribution  to  the  observers.  We  seek  in  various  ways  to  in- 
terest and  inform  the  observers  upon  meteorological  topics;  a  convention  for  this  pur- 
pose and  for  considering  plans  for  the  fhture  is  called  to  meet  at  Crete  in  July,  and  it  is 
intended  to  make  these  gatherings  annual. 

FINANCES. 

This  being  a  volunteer  organization  the  expenses  of  the  central  office  are  borne  by 
Doane  Collie,  with  which  said  office  is  connected;  and  the  instruments  are  owned  by 
the  various  observers. 

PUBLICATIONS. 

A  monthly  bulletin  is  published  by  the  central  office,  and  furnished  to  observers,  to 
chiefs  of  other  weather  services,  and  to  the  press. 

GOODWIN  D.  SWEZEY, 
Director  Nebraska  WecUher  Service, 


INDIANA. 


The  following  is  a  synopsis  of  the  monthly  bulletin  issued  by  the  State  weather  service 
of  Indiana,  underthe  direction  of  Prof.  H.  H.  Houston,  of  Purdue  University,  Lafayette, 
Ind. 
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XonOly  UeteaTologkal  SmnmarpfroBtStatioaa  of  Ihe  Indiana  Weather  Service,  for  June,  IE 
[Friiu  report*  received  kt  the  State  BtaUon,  Pordue  UnlvenKy,  ZaUjeUn,  IiuL] 
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MonilUif  Meteorological  Summary,  d'c. — CoDtinued. 
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a.  Obaenratlons  at  7  a.  m.,  2  p.  m.,  and  0  p.  m.  6.  HiKl^est  and  lowctit  from  Belf-refcistcrine  In- 
Btrumenta.  c  OtMervationa  at  7  a.  m.,  12.30  and  0  p.  m.  d.  From  reports  of  aifirnol  offluers.  e.  Ob- 
servations at  7  a.  m.  and  7  p.  m.  /.  Lowest  temperature  from  special  observations,  g.  Lowest 
temperature  from  self-registering  instruments,  h.  Observations  at  7  a.  m.,  1  p.  m.,  and  U  p.  m. 
i.  Observations  at  7  a.  m.  and  G  p.  m. 

• 
The  mean  temperature  of  the  State  for  Jane,  1886,  was  1.2^  below  the  mean  of  June 

for  the  past  four  years,  3.0®  below  the  mean  of  sixteen  years  at  Indianapolis,  4.8**  below 

the  mean  of  thirty-one  years  at  Logansport,  5.0°  below  the  mean  of  twenty-one  yeais 

at  Vevay,  1.4®  below  the  mean  of  thirty- two  years  at  Spiceland,  3.0®  above  the  mean 

of  seven  years  at  Mauzy,  2.7®  below  the  mean  of  nine  yeais  at  Blue  Lick,  3.5®  below  the 

mean  of  four  years  at  Worthington,  0.5®  below  the  mean  of  four  years  at  Connersville, 

0.7^  below  the  mean  of  seven  years  at  Laiayette,  and  about.  3.4®  below  the  normal 

temperature  for  June.    The  mean  temperature  at  the  various  stations  was  below  the 

normal,  the  amounts  ranging  from  0.9®  to  3.5®. 

The  mean  rainfall  for  the  State  was  0.85  inch  above  the  mean  of  June  for  the  past 
four  years,  0.22  ingh  below  the  mean  of  fifteen  years  at  Indianapolis,  1.48  above  the 
mean  of  thirty-one  years  at  Logansport,  0.53  above  the  mean  of  twenty -years  at  Vevay, 
0.G7  ahove  the  mean  of  twenty-eight  years  at  Spiceland,  0.01  below  the  mean  of  six 
years  at  Mauzy^.79  above  the  mean  of  four  years  at  Blue  Lick,  0.29  above  the  mean 
of  four  years  at  worthington,  0.43  above  the  mean  of  four  years  at  Connersville,  and  0.25 
below  the  mean  of  seven  years  at  Lafayette.  The  rainfall  has  been  unequally  dis- 
tributed throughout  the  State ;  at  most  stations  it  has  been  in  excess  of  the  normal, 
while  at  Indianapolis  it  was  0.71  inches  below  the  normal,  and  at  Laiayette  3.06  inches 
below.    A  severe  hail-storm  did  considerable  damage  near  Connersville  on  the  25th. 

Solar  halos  were  reported  on  the  12th,  15th,  and  19tli;  lunar  halas,  on  the  12th; 
aurora  on  the  4th,  5th,  and  29th. 

The  mean  barometer  was  about  .02  inch  below  the  normal. 

H.  A.  HUSTON, 
Chief  State  Weather  Service. 

American  Horticultubal  Society, 

GreeneaHtlc^  Jnd.^  June  1,  1886. 

Deab  Sib:  In  reply  to  your  request  of  May  27,  for  information  concerning  the  "  In- 
diana weather  service  "  of  this  place  (De  Pauw  University ),  I  would  say  that  our  first 
published  monthly  summary  was  for  September,  1884,  since  which  we  have  issued  reg- 
ular bulletins  which  have  been  fully  distributed  throughout  our  State,  and,  indeed,  to 
all  sections  of  the  country,  where  they  have  been  highly  appreciated  by  scientists  and 
others,  students  of  meteorology. 

Our  own  organization  has  no  legal  status,  the  State  having,  thus  far,  done  nothing  in 
support  of  a  bureau  of  meteorology,  although  an  efibrt  was  made  during  the  last  general 
assembly,  which  came  near  succeeding,  the  bill  having  passed  the  house  of  representa- 
tives, butiw  near  the  close  of  the  session  that  it  was  lost  in  the  huny  and  rush  at  the 
dose  of  the  senate.  Our  work  is,  therefore,  purely  voluntary,  the  whole  expense  and 
support  of  the  service  being  by  the  De  Pauw  University,  a  private  institution  of  learn- 
ing under  the  control  of  the  Methodist  Episcopal  Church. 

During  the  year  our  service  has  been  very  greatly  improved  and  several  new  station! 
added,  the  whole  number  of  oo-operating  observera  now  being  thirty-seven,  from  almost 
as  many  counties  of  the  State.  These  reports  are  summarized  in  a  highly  condensed 
form  and  published,  as  noted  above,  monthly.  For  convenience,  and  to  more  clearly 
exhibit  the  gradual  change  of  climate  incident  to  the  varying  latitude  of  our  State,  these 
reports  are  arranged  in  three  sections  from  the  northern  boundary  of  the  State  south- 
ward, the  means  of  each  section  being  shown  separately,  a  form  of  publication  which  is 
rapidly  gaining  popularity  with  similar  services  in  other  States. 
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Another  original  feature  of  oar  reports  ia  the  colamn  of  distances,  in  miles,  of  the 
varions  stations  from  the  northern  boundary  of  the  State. 

Our  reports  are  also  printed  on  flat  sheets,  of  uniform  size,  which  may  be  easily  and 
conveniently  filed  and  preserved  for  reference,  each  single  page  being  a  complete  report 
within  itself.  A  comparison  is  also  shown  for  each  of  the  stations  of  long  con  tin  nation, 
with  the  means  and  extremes  of  corresponding  months  for  the  series  of  years  recorded. 

As  a  measure  of  still  farther  interest,  especially  to  many  who  desire  from  varions 
causes  to  study  the  meteorological  character  of  other  sections  of  our  country  outside  tho 
State,  we  have  arranged  through  the  courtesy  of  the  Chief  Signal  Officer  to  secaro 
reports  from  signal  stations  at  distant  points,  which  reports  are  published  in  connection 
with  our  monthly  bulletins.  Under  the  head  of  **  remarks  "  each  bulletin  contains,  in 
addition  to  an  editorial  leader,  on  somcsp^ial  topic  (usually  appropriate  to  the  particu- 
lar season)  of  meteorology,  which  is  calculated  to  stimulate  an  interest  in  this  science,  a 
general  digest  of  the  report,  giving  prominence  to  any  special  features  which  may  not 
be  made  sufficiently  clear  in  Uie  tabulated  form. 

Below  I  give  the  name  and  address  of  our  co-operating  observers,  with  distance  in 
miles  from  the  northern  line  of  the  State,  arranged  from  the  north  southward. 

R.  H.  Perick,  La  Grange,  9;  L.  Stealy,  Angola,  10;  J.  A.  Varier,  North  Liberty,  16; 
JJ^.  L.  Kithkart,  Columbia  City,  42;  Professor  W.  F.  Yvocum,  Fort  Wayne,  48;  Thomas 
B.  Helm,  Logansport,  70;  W..S.  Bushnell,  Monticello,  71;  I.  Records,  Miami,  80;  R. 
L.  Higginbotham  &  Bon,  Delphi,  82;  Prof.  H.  A.  Ilnston,  Lafayette,  93;  L.  W.  Cates, 
Munde,  108;  W.  J.  Davidson,  Farmland,  109;  S.  D.  Symmes,  Crawfordsville,  119; 
William  Dawson,  Spiceland,  134;  J.  M.  Gluys,  Richmond,  i:^;  Dr.  S.  S.  Boots,  Green- 
field, 137;  Sergeant  C.  F.  R.  Wappcnhans,  Indianapolis,  139;  R.  M.  Ragan,  Fillmore, 
144;  Sergeant  O.  Parker,  Greencastle,  147;  R.  Hessler,  Connorsville,  148;  K.  Kirkwood, 
Mauzy,  149;  Professor  D.  A.  Owen,  Franklin,  168;  Mrs.  L.  F.  Hager,  Terre  Haute,  159; 
D.  F.  Ferris,  Snnman,  175;  J.  A.  Perry,  Columbus,  177;  J.  B.  Ward,  Guilford,  179; 
Dr.  W.  B.  Squire,  Worthington,  183;  J.  Hole,  Butlerville,  190;  R  Wells,  Commiskev, 
202;  C.  G.Boemer,  Vevay,  209;  J.  W.  May,  Salem,  217;  G.  Poindexter,  Blue  Lick,  225; 
J.  M.  Johnson,  Marengo,  233;  E.  Jones,  Princeton,  234;  L.  C.  Loomis,  Jefferson ville, 
238;  G.  P.  Moog,  Huntingburgh,  239;  James  P.  White,  Degonia  Springs,  256. 

As  yet  no  special  arrangements  have  been  made  for  furnishing  stations,  outside  of 
one  in  this  city,  with  daily  weather  indications. 

For  repeated  favors  shown  this  service,  it  is  greatly  indebted  to  Chief  Signal  Officer 
Creneral  W.  B.  Hazen,  yourself,  and  others  connected  with  the  service  at  Washington; 
also  to  Seigeant  O.  Parker  at  this  station,  and  Sergeant  Wappenhans  at  Indianapolis. 
Yours,  very  respectfully, 

W.  H.  RAGAN, 
Director  Indiana  Weather  Service, 

Lieut.  H.  H.  C.  Dunwoody, 

Signal  Office^  Washington^  D.  C. 


DAKOTA. 


Terbitoby  of  Dakota, 
Department  op  Immigration  and  Statistics, 

Huron^  June  1,  1886. 

Dear  Sir:  I  have  your  iavorof  May  13,  with  stated  inclosurdS;  I  beg  to  assure  you  of 
my  great  interest  in  the  proposed  enterprise,  and  of  my  desire  to  be  of  all  poasiblo  serv- 
ice to  you.  I  am  sure  our  people  will  take'hold  of  the  matter,  and  I  shall  do  what  I  can 
to  bring  it  to  their  attention.  I  would  like  to  be  advised  whether  it  is  your  purpose  to 
furnish  all  of  the  stations  situated  on  railroads,  including  the  Deadwood  and  Fort  Tot- 
ton  stations,  with  these  forecasts,  and  also  how  great  an  area  is  held  to  be  included  in 
**  Eastern  Dakota,''  and  if  other  areas  are  to  be  similarly  supplied  with  thesedaily  fore- 
casts. Please  inform  me  fully  on  this  head.  I  shall  be  as  active  as  I  can  in  extending 
the  co-operation  and  assistance  of  this  office.  I  think  the  great  benefit  to  our  farmers, 
particularly,  will  be  fully  appreciated  by  our  railroad  companies,  and  they  will  very 
genen^Iy  provide  for  the  transmission  of  dispatohes  over  their  own  telegraph  lines.  As 
soon  as  I  know  definitely  as  to  the  purpose  of  your  office  as  to  the  above,  I  will  be  glad 
to  call  the  attention  of  the  railroad  companies  to  the  matter  and  invite  their  aid.  I 
should  like  to  receive  your  suggestions  and  advice  with  respect  to  making  every  possible 
efifort  I  can  to  render  the  above  undertaking  a  success. 
Yours,  very  respectfully, 

LAUREN  DUNLAP. 

Lieut.  H.  H.  C.  Dunwoody, 

Acting  Aasisiant  Chief  Signal  Officer,  Washington,  D.  C. 
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Tebbitoby  of  Dakota, 
Depabtmknt  of  Immiobation  and  Statistics, 

kurort,  June  23,  1686. 

I>£AB  SiB:  I  have  yours  of  May  27th,  only  now  received  on  my  retam  from  the  East, 
tho  letter  not  having;  been  forwarded  to  me,  through  a  mischance,  consequently  I  am 
unable  to  forward  the  report  in  time  for  your  use  on  July  1. 

The  **  Dakota  Weather  Service  "  was  only  established  in  August  last,  and  is  yet  in 
its  infancy.  Little  has  been  done,  except  to  publish  the  summaiy  obtained  through  the 
reports  of  tho  United  States  Signal-Service  stations  at  Yankton,  Deadwood,  Huron,  Fort 
Sully,  Bismarck,  Fort  Buford,  Fort  Totten,  Moorhead,  and  Saint  Vincent,  furnished 
this  office  by  order  of  the  Chief  Signal  Officer. 

I  have  endeavored  to  supplement  the  tables  used  with  a  text  that  might  be  read  and 
serve  to  interest  people  generally  in  the  subject  of  the  weather,  and  the  importance  and 
value  of  the  Signal  Service.  I  think  somo  progress  in  this  direction  has  been  made,  and 
I  believe  that  with  a  little  effort  the  daily  forecasts  of  weather  now  furnished  through 
the  Iloron  station,  may  be  made  very  useful,  and  become  popular  for  that  reason,  as 
indicated  in  my  letter  of  June  1,  your  reply  to  which  I  am  awaiting  with  interest,  that 
1  may  bo  of  what  service  I  can  to  you  in  this  highly  important  enterprise. 
Yours,  very  respectfully, 

LAUREN  DUNLAP. 

Lieut.  H.  H.  C.  Ddnwoody, 

Acting  and  Assistant  Chief  Signal  Officer^  Washington ^  D.  C, 


GEORGIA. 

State  of  Oboboia, 
Depabtmext  of  Aobicultubb,  Atlanta^  May  31,  1686. 

Deab  Sib:  In  reply  to  yours  of  the  27th,  I  l)eg  to  submit  the  following  history  of  the 
Georgia  State  weather  service: 

Observations  were  instituted  in  February,  187G,  at  Atlanta  station,  by  Prof.  P.  H. 
MeU,  Jr.,  under  the  direction  of  Hon.  Thomas  P.  Janes,  commissioner  of  agriculture. 
Professor  Mell  was  succeeded  as  observer  in  1877  by  II,  J.  Redding,  then  clerk  of  the 
state  department,  now  assistant  commissioner,  and  have  been  continued  by  him  to  date. 
A  few  out-lying  stations  were  reported  during  the  years  1877  and  187^  and  in  April, 
1878,  a  regular  corps  of  observers  was  oiganizS,  covering  all  parts  of  the  State.  The 
territory  was  divided  into  live  sections,  as  appears  by  reference  to  the  accompanying  map. 
In  the  filth  annual  report  of  my  predecessor,  Hon.  Thomas  P.  Janes  (of  which  I  send 
you  a  marked  copy),  he  gives  a  short  account  of  the  establishment  of  the  service,  and 
in  Circular  Ko.  62  appears  the  iirst  annual  ** summary,''  embracing  from  April  to  De- 
cember of  that  year.  The  paragraph  in  the  report  referred  to  states  the  prime  object  of 
the  work  thus  undertaken,  and  that  the  same  has  been  accomplished,  and  the  results 
given  to  the  public  in  the  recent  publication  of  this  department,  entitled  **The  Common- 
wealth of  Geoigia,"  of  which  you  probably  have  a  copy  (I  sent  one  to  General  Hazen). 
The  little  map  inclosed  herewith  is  one  of  a  series  of  maps  that  illustrate  the  work. 

The  service  has  1)een  continuously  kept  up  since  its  first  organization,  though  with 
many  changes  in  observers,  and  a  gradual  reduction  of  the  whole  number.  Circular 
No.  74  shows  the  organization  ibr  1885.  1  f  you  have  not  access  to  the  copy  of  the '  ^  Com- 
mon wealtli  of  Georgia  "  alluded  to,  I  will  on  notice  send  you  a  copy  for  your  own  use. 

I  have  no  official  means  of  knowing  whether  any  of  my  observers  are  furnished  with 
the  weather  indications.    They  arc  not  furnished  through  this  office. 

Very  truly,  J.  T.  HENDERSON, 

Commimoner. 

Lieut.  H.  H.  C.  DuNWOODY, 

OgUx  Chief  Signal  Officer,  Washington,  D.  C. 

Meteorological  Stations  of  tlic  Georgia  State  Weather  Service, 

As  indicated  in  the  last  annual  report,  a  system  of  meteorological  observations  has 
been  inaugurated,  embracing  the  entire  State;  and  for  this  purpose  forty-nine  stetions 
have  been  established,  as  follows:  In  North  Georgia — Blairsville,  Canton,  Dahlonega, 
Dnl ton,  Dillon,  Gainesville,  Leo^  Mount  Airy,  Rabun  Gap,  Rome,  and  Teuton — 11;  in 
Middle  Georgia — Athens,  Atlanta,  Carrollton,  Elberton,  Greensboro,  Greenville,  Griffin, 
La  Grange,  Macon,  Milledgeville,  Oxford,  Talbotton,  and  Thomson — 13;  in  Southwest 
Georgia — Albany,  Americns,  Bainbridge,  Butler,  Columbus,  Cnthbert,  Nashville,  Quit- 
man, Thomasville — 9;  in  East  Georgia — Augusta,  Dublin,  Hawkinsville,  Louisville, 
McK'ae,  Ogeechee,  Sandersville,  Swalnsboro,  Waynesboro,  and  Walthourville — 10;  in 
Southeast  Georgia — Baxley,  Blackshear,  Brunswick,  Dupont,  Savannah,  and  Saint 
Alary^ft— 6;  totaX  49  stations. 
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Each  obBerver  is  aapplied  with  a  thermometer  and  rain-gaage,  all  of  aniform  pattern, 
and  made  to  order  for  the  use  of  the  department.  Observations  on  the  thermometer  are 
made  at  stated  hours,  three  times  daily,  in  accordance  with  the  system  first  devised  by 
the  Smithsonian  Institution;  the  rainfall,  the  direction  of  the  wind,  and  the  weather  are 
also  noted,  together  with  general  remarks  on  the  condition  of  growing  crops  as  affected 
by  meteorological  conditions. 

These  observations  are  all  entered  in  a  record  book  (also  especially  prepared  for  the 
purpose),  and  monthly  transcripts  of  the  same  sent  to  the  department.  These  monthly 
reports  are  consolidated  and  a  general  summary  of  the  same  published  in  the  current  crop 
reports.  At  the  end  of  each  year  it  is  proposed  to  consolidate  the  monthly  reports  and 
enter  them  in  a  book  to  be  prepared  for  the  purpose.  The  original  reports  will  be  bound 
in  one  volume,  and  filed  for  future  reference. 

These  observations  will  be  useful  in  ascertaining  accurately  and  absolutely  the  cli- 
matic features  of  the  State,  their  diversity  in  the  different  sections,  and  the  comparative 
mildness  of  the  climate  of  all.  They  will  become  more  and  more  valuable  as  the  period 
of  time  covered  by  them  is  lengthened  and  the  mean  results  become  more  accurate  and 
reliable.  Meteorological  observations  also  reveal  the  peculiar  conjunction  of  circum- 
stances of  rainfall  and  temperature*  and  their  monthly  distribution  which  are  found  to 
exist  in  connection  with  successful  tillage  of  certain  crops,  &c. 

The  most  immediate  practical  benefit,  however,  to  be  expected  firom  these  observa- 
tions is  in  the  information  afforded  to  those  who  contemplate  immigrating  to  this  State. 
Many  of  these  have  very  erroneous  ideas  of  our  climate,  baaed  as  they  are  solely  on  the 
knowledge  of  the  latitude  of  the  State  with  reference  to  the  prevailing  climates  in  simi- 
lar latitudes  elsewhere.  

KANSAS. 

WSLLINQTOK,  Kans.,  June  7,  1886. 

SiB:  Inanswer  to  your  request — communication  dated  Signal  Office,  Washington,  D.  C, 
May  27, 1886 — I  have  the  honor  to  respectfully  submit  to  you  the  following  report^ 
relative  to  the  operations  of  the  Kansas  State  Weather  Service,  as  conducted  by  the  aid 
of  the  co-operating  observers  located  in  different  parts  of  the  State,  as  seen  in  the 
appended  list. 

The  Kansas  weather  service,  under  the  present  arrangement  and  operation  is,  how- 
ever, quite  limited  in  extent;  its  first  inception  dating  from  the  beginning  of  1885, 
when  the  writer  addressed  a  circular  to  some  fifteen  observers  located  in  the  State,  who 
were  keeping  open  records  of  the  weather.  The  object  of  the  circular  was  to  recjuest 
these  observers  to  forward  to  us  a  monthly  report  of  the  local  weather,  &c. ;  all  of  which 
were  compiled  and  published  at  the  close  of  each  month  in  a  paper  caUed  the  *^  Kansas 
Weather  Observer,"  a  copy  of  which  was  furnished  free  to  each  contributing  observer. 

The  facilities  for  publishing  these  observations  are  quite  inadequate  to  the  demand,  as 
we  find  that  each  observer's  individual  work  is  worthy  of  preservation  for  its  value  as  a 
local  climatological  record. 

The  neglect  of  our  State  officials  to  provide  for  the  equipment  and  proper  maintenance 
of  a  service  of  this  kind,  is  not  in  keeping  with  the  advances  made  by  the  State  in  the 
development  of  agricultural  and  educational  institutions.  We  should  bear  in  mind  and 
strive  to  emulate  the  example  set  us  by  several  other  States,  in  making  liberal  provision 
for  carrying  on  such  work  as  this. 

We  have- now  within  the  State  about  thirty-eight  observers,  nearly  all  of  whom  are 
efficient  and  competent  to  furnish  complete  weather  reports.  The  following  is  a  list  of 
observers  who  have  been  furnishing  monthly  reports  for  publication  in  ''Kansas 
Weather  Observer :  *  * 


Place. 


Allison 

Westmoreland 
Leavenworth.. 

Salina 

Lawrence 

Wyandotte 

Sherlock 

Dodge  City 

Ninnescah 

Wellington 

£1  Dorado 

Emporia 

Tates  Centre... 

Fort  Scott 

Independence. 


County. 


Decatur 

Pottawatomie 
Leavenworth.. 


Salina .* 

Douglas  (Lawrence  Dnivcraity). 

Wyandotte 

Finney 

Ford 


Kingman 

Sumner 

Butler 

I^yon  (State  Normal  Academy). 

Wood  son 

Bourbon ». 

Montgomery 


Observers. 


J.  J.  Cam. 

Dr.  J.  Walters. 

L.  A.  Welsh  (Sergeant,  Si^ 

nal  Corps,  U.  8.  A). 
J.  H.  Oibson. 
Prof.  F.  H.  Snow. 
K.  R.  Heath,  M.  D. 
J.  W.  Gregory. 
J.  K.  X^nouette  (Sergeant, 

Signal  Corps,  U.  S.  A). 
R.  Shaw. 
J.  II.  Wolfe. 
II.  C.  l^'ord. 
Prof.  T.  H.  Dinsmorc. 
F.  R.  Gray. 
H.  Watson. 
J.  M.  Altafier. 
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In  illustration  of  the  character  of  the  work  I  append  herewith  notes  taken  from 

Kansas  Weather  Observer  "  for  April,  1686. 

Reports  for  the  month  were  received  from  eleven  stations.  The  mean  temperature 
for  the  entire  month,  as  deduced  from  these  observations,  was  53^.4,  which  is  abK>ut  1^.5 
below 'the  normal  for  April.  The  maximum  temperature,  75°,  was  from  the  18th  to 
23d;  the  maximum  range,  from  11°  to  23°,  on  the  4th  and  6th,  reaching  the  lowest  over 
the  northeast  portion  of  the  8tate. 

The  greatest  precipitation  in  the  State  covered  the  area  over  the  north  tier  of  counties, 
and  a  semi-circular  area  from  southwest  of  Leavenworth  to  £1  Dorado;  then  southeast  to 
Independence;  this  area  averages  from  three  to  five  inches,  while  over  all  other  portions 
of  the  State  the  average  was  slightly  more  than  one  inch-  The  average  for  the  State  as 
a  whole  was  three  inches,  which  was  about  the  normal  rainfall  for  April. 

High  or  yiolent  winds  were  quite  below  the  usual  average.  Characterizing  the  month 
as  being  generally  calm,  or  otherwise,  denoting  the  absence  of  any  dangerous  storms. 

Telegraphic  reports  were  ordered  for  Wellington  cold* wave  station  since  October  1, 
1885;  all  dispatches  were  promptly  attended  to  during  the  following  winter.    There  is 
scarcely  an  industry  but  what  has  been  greatly  benefited  by  these  o(Sd-wave  signals. 
Yours  truly, 

JOHN  H,  WOLFE. 

The  Chief  Signal  Offices,  U.  S.  A. 
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CONFERENCE  OF  STATE  SERVICES. 

Report  on  the  Conference  of  Stoic  Weather  Seruices,  held  at  Washington^  D,  C,  FthrHory  24 

and  25,  1886. 

It  having  seemed  advisable  to  call  together  the  directors  of  the  various  State  Weather 
Services  for  mnta^  confereDce  and  discussion,  the  following  letter  was  prepared  and  sent 
on  November  23, 1885: 

Signal  Office,  War  Depabtment, 

Washinrfton  City,  November  23,  1885. 

SiB:  It  has  been  snggested  that  a  meeting  of  the  chiefs  of  the  local  State  Weather  Serv- 
ices at  some  convenient  time  during  the  coming  winter  would  result  in  ninch  good  to 
the  general  service,  and  also  assure  a  greater  nniforniity  In  the  methods  of  making  ob- 
servations and  reports  and  the  display  of  weather  Ri<nials. 

I  am  desirons  of  aiding  the  local  State  orgsinizations,  thereby  increa.<«ing  their  useful- 
ness, and  would  l)e  pleased  to  meet  you  in  this  city,  where  matters  of  general  interest 
could  be  discussed,  which  would  prove  advantageoas  to  all  concerned. 

Please  favor  me  with  your  views  on  the  subject,  and  if  the  proposition  meets  with  gen- 
eral favor  I  will  issue  a  circular  announcing  that  snch  a  meeting  will  be  held,  fixing  a 
date  which  will  be  most  convenient  to  those  interested. 

To 


A  safficient  number  of  replies  commending  the  purpose  of  such  a  conference,  having 
been  received,  the  following  circular  letter  was  prepared  and  sent  to  all  interested: 

Signal  Office,  Wab  Department. 

WaMngton  City,  February  2,  188G. 

Sib  :  Ton  are  respectfully  invited  to  attend  a  meeting  of  the  chiefs  of  State  weather 
services,  members  of  meteorological  societies,  and  others  specially  interested  in  the 
meteorologioil  work  of  State  or  local  oiganizations,  to  bo  held  in  the  lecture-hall  of  the 
Smithsonian  Institution  on  Wednesday  and  Thursday,  February  24  and  25. 

A  general  discussion  of  the  various  subjects  which  may  bo  suggested  at  this  conven- 
tion will  doubtless  result  in  uniform  methods  of  observing  and  recording  observations, 
and  it  is  also  believed  that  by  a  general  interchange  of  views  on  the  subject  of  Signal 
Service  reports  and  special  weather  forecasts,  these  reports  may  be  made  more  valuable 
to  your  section  through  improved  methods  of  distribution  which  may  be  suggested  in 
this  discussion. 

I  am,  very  respectfully,  your  obedient  servant, 

W.  B.  HAZEN, 
Brig,  and  Bvt.  Mc{j\  Gen' I,  Chief  Signal  Officer^  U,  S,  Army. 

In  response  to  this  call  a  large  number  of  persons  specially  interested  in  this  work 
assembled  at  the  conference  in  Washington  City  on  February  24  and  25,  188G. 

The  following  is  a  list  of  topics  that  were  suggested  as  suitable  for  discussion  before 
the  conference: 

Suggested  topics  for  discussion  at  the  conference  of  officers  of  State  weather  services, 
members  of  meteorological  societies,  and  others  especially  interested  in  the  meteoro- 
logical work  of  State  or  local  organizations,  held  at  Washington  on  Wednesday  and 
Thursday,  February  24  and  25,  188G. 

1.  Subjects  and  times  for  observation,  with  object  of  increasing  uniformity  in  work. 

2.  Location  of  instruments,  especially  of  rain-gauges. 

3.  Form  of  publication  of  results. 

4.  Forms  of  weather  signals. 

5.  Scale  for  estimating  wind  velocities. 

6.  Possibility  of  term-day  observations,  as  suggested  in  American  Meteorological 
Journal,  page  155,  1884. 

7.  Increase  of  thunder-storm  observations. 

Other  subjects  as  suggested  by  members  of  the  conference  will  be  considered  during 
the  meeting. 

W.  B.  HAZEN, 
Brig,  and  Bvt,  MaJ.  Gen' I,  Chef  Signal  Officer,  U,  S.  Army. 
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The  followiog  is  an  abstract  of  the  minutes  of  the  sessioDs  of  the  conference,  contain- 
ing a  brief  resum^  of  the  subjects  discussed  and  the  action  recommended : 

i^resent:  General  Hasen,  Professors  Mendenhal],  Payne,  Mell,  Upton,  Thomas, 
Fnertes,  Davis,  Marvin,  and  Knssell;  Lieutenant  Dunwoody,  Messrs.  Hendeison,  Bed- 
ding, Botch,  Giilingham,  Ellsworth,  and  Noyes. 

The  meeting  was  opened  by  General  Hazen,  Chief  Signal  Officer,  at  10.30  a.  m.  Feb- 
ruary 24. 

Pio£  T.  C.  Mendenhall  was  chosen  chairman  and  Prof.  W.  M.  Davis,  secretary. 

Professor  Mell  moved  that  the  printed  list  of  topics  for  discussion  form  the  order  of 
boainesB  for  the  meeting.    Carried. 

Professor  Upton  moved  that  any  additional  subjects  for  discussion  be  given  to  the 
chairman  in  writing.     Carried. 

After  discussion  by  Messrs.  Upton,  Payne,  Bussell,  and  Thomas,  it  was  voted  that  the 
conference  recommends  volunteer  obiservers  to  read  their  maximum  and  minimum  ther- 
mometers at  the  latest  observation  of  the  day,  preferably  at  9  p.  m.  The  hours  for  reg- 
ular thermometrio  observations  were  discussed  by  Messrs.  Davis,  Mell,  Upton,  Thomas, 
and  others,  and  on  the  suggestion  that  error  might  arise  by  replacing  local  with  stand- 
ard time,  the  question  was  postponed  until  the  afternoon  session  for  further  considera- 
tion. 

Lieutenant  Dunwoody  asked  for  suggestions  concerning  record  Forms  122  B,  C,  D,  E, 
of  the  Signal  Service.  Alter  discussion  by  Messrs.  Mell  and  Redding,  Messrs.  Dun- 
woody,  Mell,  and  Upton  were  appointed  a  committee  to  report  on  these  forms,  and  on  a 
record-book  for  the  observers'  property,  at  the  last  session  of  the  conference. 

Adjournment  at  12.15  to  meet  at  1.30. 

8£00MD  SESSION. 

Present:  Fuertes,  liotch,  Thomas,  Dunwoody,  Bussell^  Ferrel,  Marvin,  Mendenhall, 
Up4oD,  U.  A.  Hazen,  Redding,  Payne,  Mell,  Davis,  and  Noyes. 

Meeting  called  to  order  by  the  chairman  at  1.45. 

Professor  Upton  reported  that  the  mean  monthly  temperature  determined  by  observa- 
tions at  7  a.  m.,  2  p.  m.,  and  9  p.  m.  would  not  differ  by  more  than  0°,  2^,  F.  from 
those  at  6.30  a.  m.,  1.30  p.  m.,  and  8.30  p.  m. 

Voted,  that  the  conference  recommends  volunteer  observers  to  make  their  regular  tri- 
daily  observations  of  temperatures  at  7  a.  m.,  2  p.  m.,  and  9  p.  m.,  local  time,  or  by  the 
standard  time  of  their  meridian. 

The  location  of  rain-gauges  was  then  discussed  by  a  number  of  members,  but  no  action 
taken. 

The  cost  of  gauges  and  the  measurement  of  snow  was  then  discussed  without  any  rec- 
ommendation.^ 

The  location  and  exposure  of  thermometers  was  next  considered.  Messrs.  Mell  and 
Redding  reported  that  the  temperatures  reported  by  '* cotton-belt"  observers  were  gen- 
erally too  high.    Professor  Mendenhall  recognized  the  error  and  hoped  to  see  it  corrected. 

At  the  suggestion  of  Lieutenant  Dunwoody  the  time  of  the  conference  was  given  to 
Mr.  Isaac  P.  Koyes  to  read  a  iKiper  on  '*  Improvement  of  the  weather  service.'' 

'  The  question  of  weather  signals  awakened  a  considerable  discussion.  Messrs.  Davis, 
Thomas,  Mell,  Dunwoody,  and  Woodruff  were  appointed  a  committee  on  weather  sig- 
nals to  report  progress  at  the  lost  session  and  farther  to  consider  the  matter. 

Adjournment  to  meet  at  10  a.  m.  February  25. 

THIBD  SESSION. 

Meeting  called  to  order  at  10.30  a.  m.,  February  25. 

Present:  Messrs.  Mendenhall,  Mell,  Fuertes,  McAdie,  Thomas,  Marvin,  liotch,  Gii- 
lingham, Huston,  Payne,  Upton,  Dunwoody,  Woodruff,  Bedding,  llazen,  Craig,  Ells- 
worthy  and  Capen. 

After  reading  minutes  of  the  previous  session,  the  question  of  the  form  and  location  of 
rain-gauges  was  again  considered. 

Voted,  after  detailed  discussion,  the  conference  recommends  that,  when  practicable, 
rain-gauges  be  placed  with  the  collecting  edge  one  foot  above  the  ground,  and  that  it 
stand  at  least  twice  as  far  from  a^aoent  objects,  such  as  trees,  buildings,  fences,  &c,  as 
the  heights  of  those  objects. 

The  conference  disapproves  roof  exposure. 

The  conference  recommends  that  the  new  form  of  Signal  Service  gauges  be  taken  as  a 
standard  and  that  all  observers  be  requests  to  conform  as  nearly  as  possible  to  this  pat- 
tern. 

No  action  was  taken  on  hours  of  Pleasuring  rain  or  scale  for  wind  velocity. 

On  motion,  the  reports  of  committees  prepared  for  last  session  were  read.  (Beport  of 
progress  of  coinmfftee  gt^  si/jnals  is  hereto  appended. )    Ac^onmed  at  noon  to  1.30  p.  m. 


102  REPORT   OF   THE   CHIEF   SIGNAL   OFFICER. 

FOURTH  SESSION. 

Meeting  called  to  order  at  1.45  p.  m. 

Present:  Messrs.  Mendenhall,  Davis,  Mell,  Fnertes,  McAdie,  Marvin,  Rotch,  Gil- 
lingbam,  Thomas,  Abbe,  Upton,  Donwoody,  Pi\yne,  Rossell,  Woodruff,  Huston,  Finl^, 
Walshe,  Ferrel,  Day,  Haasen,  Noyes,  Nichols,  Capen. 

The  plan  of  appointing  special  term-days  was  explained  by  Mr.  Davis,  and,  after  brief 
discussion,  Lieutenant  Dunwoody  thought  it  could  be  carried  out  by  special  anB]ig&- 
ments  with  Signal  Service. 

The  observation  of  thunder-storms  was  described  by  Messrs.  H.  A.  Hasen  and  Davis. 

Organization  of  State  services  and  forms  of  publication  were  considered,  but  no  action 
was  taken. 

Report  of  committee  on  weather  signals  was  accepted,  and  its  recommendations  (2) 
adopted,  and  the  committee  was  '*  continued  till  discharged." 

Messrs.  Mendenhall,  Fuertes,  Dunwoody,  Upton,  and  Payne  were  appointed  a  com- 
mittee to  consider  plans  for  the  permanent  organization  of  this  conference,  and  to  report 
thereon  at  a  future  meeting. 

The  committee  on  weatiber  signals  was  instructed  to  report  to  the  Chief  Signal  Officer 
on  the  result  of  its  investigations  and  on  the  recommendations  that  it  finally  has  to  make. 

Lieutenant  Dunwoody  explained,  in  answer  to  inquiry,  that  volunteer  observers 
are  now  generally  requested  to  report  to  local  weather  services,  if  existing  in  theirState. 

The  secretary  was  instructed  to  prepare  an  abstract  of  the  proceedings  of  the  ccmler- 
ence  for  publication  in  the  American  Meteorological  Journal  and  in  Science,  and  to 
tender  the  thanks  of  the  conference  to  the*  Director  of  the  National  Museum  for  his 
courtesy  in  providing  a  place  of  meeting. 

Adjournment  at  4.5  p.  m.,  to  meet  again  at  the  call  of  the  committee  on  permanent 
oiganization. 

W.  M.  DAVIS,  Seerdarg. 

COMMITTEB  ON  WEATHEB  SIGNALS— BEFOBT. 

That  the  elements  of  weather  signals  to  be  indicated  by  signals  should  be :  1,  fair  or 
clear;  2,  local  rains;  3,  general  rains;  4,  5, 6,  higher,  stationary,  lower  temperature;  7,  cold 
wave;  and  that  these  should  be  defined  by  Indications  Board  of  Signal  Service. 

** Followed  by"  can  be  represented  if  needed;  but  it  is  the  sense  of  the  committee 
that  the  morning  fiags  should  indicate  the  weather  for  afternoon  and  evening:  and  noon 
flags  should  indicate  the  weather  for  the  next  ibrenoon.  The  signals  should  combine 
the  qualities  of  visibility,  cheapness,  and  simplicity;  they  should  be  adaptable  to  the 
various  forms  of  display,  as  on  poles,  street  ropes,  railroads,  and  ^ould  be  open  to  ex- 
tension by  addition.  In  order  that  so  good  a  color  as  red  should  not  be  lost,  it  is  recom- 
mended that  red  and  orange  be  equivalent,  the  former  for  general  display,  the  lattor  ibr 
railroads. 

It  is  recommended  that  the  Chief  Signal  Officer  be  requested  to  tmdertake  experi- 
ments that  shall  determine  the  relative  visibility  of  colors  and  different  patterns  of 
signals,  especially  as  regards  the  pattern  flags  of  the  Ohio  system,  the  solid  colors  of  the 
Alabama  system,  and  the  proposed  drum  and  cone  system;  and  that  he  be  further  re- 
quested to  send  out  a  circular  letter  to  the  several  services  using  weather  frignalw,  asking 
for  information  r^arding  the  signals  in  use  and  for  criticism  and  suggestions  in  ng^Bod  to 
them. 

The  committee  feeling  that  any  system  now  recommended  should  be  one  for  perma- 
nent use,  desires  to  proceed  slowly  in  its  action  and  to  collect  evidence  as  fidly  as  possi- 
ble before  coming  to  any  decision. 

It  is  probable  that  several  months  may  be  needed  for  this  purpose. 

W.  M.  DAVIS,  Ounrwum. 

At  the  first  session  of  February  24  no  stenographer  was  present,  but  the  action  taken 
has  already  been  given  in  the  abstract  of  the  minutes. 

The  following  is  a  detailed  statement  of  the  discussions  held  at  the  last  three  seasioDs: 

At  the  second  session,  Wednesday  afternoon,  the  second  topic  of  discussion,  "Location 
of  instruments,  especially  of  rain-gauges,"  was  considered. 

Professor  Upton,  Rhode  Island,  thought  the  first  thing  to  know  is  what  rule  is 
adopted  by  the  different  services  in  the  location  of  their  rain-gauges.  It  is  the  custom 
of  the  observers  of  the  New  England  service  to  place  the  gauge  on  the  ground,  and  not 
on  the  roofs  of  buildings,  the  rim  of  the  gauge  being  one  foot  above  the  ground.  The 
reason  for  adopting  this  rule  is  to  accord  with  the  custom  in  certain  European  coontxies. 
It  is  the  custom  in  England  to  have  the  top  of  the  rain-gauge  one  foot  above  the  ground. 
He  did  not  make  any  recommendation,  and  would  like  to  have  the  subject  discuased* 
He  thought  roof  exposures  of  raiu-ganges  unreliAble,  due  mainly  to  air-c^rzents. 
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Prafeaaor  Payne,  Miimefiota,  said  the  custom  of  his  service  was  essentially  the  same  as 
in  New  i^gland,  the  gauge  being  located  one  foot  above  the  ground  and  in  localities 
free  from  trees  and  buildings.  Later,  when  the  Signal  Berrice  officer  took  charge  of  the 
disposition  of  the  gauges,  they  were  placed  from  18  inch^  to  2  feet  above  the  ground. 
None  are  exposed  upon  roofs. 

Mr.  Redding,  Georgia,  said  the  only  rule  in  his  Stateis  to  place  them  on  the  ground. 
They  are  using  gauges  according  to  a  model  of  hia  own,  and  perhaps  a  little  Afferent 
from  those  fum^ed  by  the  Smithsonian  Institution,  but  veiy  similar  to  those  used  by 
the  Signal  Service.  He  thought  there  was  very  little  difference  in  the  amount  of  rain- 
fall obtained  in  gauges  on  elevated  places  and  on  the  surfiice  of  the  ground.  .  There 
might  be  errors  in  a  given  length  of  time.  Rainfall  in  a  gauge  exposed  on  the  roof  at  one 
time  might  give  a  little  more  than  due  measurement  of  the  gauge  located  on  the  ground, 
or  vice  versOy  but  in  the  course  of  a  year  he  thought  the  errors  would  correct  themselves. 
He  is  careful  to  have  no  trees  or  buiidioj^i  near  the  location  of  the  gauge. 

P.  H.  Mell,  Alabama,  stated  that  he  was  using  the  Signal  Service  rain-gauge,  and 
that  he  had  them  made  at  the  central  station.  He  gives  his  observers  orders  to  expose 
the  rain-gauges  on  the  ground.    His  gauges  are  placed  away  from  trees  and  buildings. 

Mr.  Thomas,  Ohio,  said  his  gauges  were  located  in  very  flat  places,  and  not  on  build- 
ings at  all,  and  thought  the  elevation  about  18  inches,  the  lower  end  of  the  gauge  being 
placed  in  the  ground.  The  gauges  themselves  are  procured  from  the  makers  of  the  Sig- 
nal Service  instruments,  the  gauge  being  the  standard. 

lieutenant  Dunwoody  said  if  the  Signal  Service  had  a  perfect  description  of  the  form 
and  dimensions  of  gauge  to  be  used  in  the  several  services  they  might  be  enabled  to  have 
the  gauges  made  at  less  cost  than  if  made  for  individuals.  The  gentleman  from  Georgia, 
he  believed,  had  designed  his  own  gauge,  and  they  cost  him  25  cents.  He  would  like  to 
have  him  give  a  description  of  the  gauge. 

lir.  Reddiug  said  the  price  is  25  cents  apiece  by  the  dozen;  the  measuring  scale  costs 
85  cents  additional.  The  cylinder  is  msule  of  tin,  14  inches  long,  2  inches  interior 
measurement;  copper  funnel,  4  inches  in  diameter  on  top,  with  cap  fitting  inward;  the 
diameter  of  each  is  exactly  4  inches.  The  measuring  scale  is  made  of  box-wood  and  is 
IG  inches  long,  and  does  not  differ  materially  from  that  furnished  by  the  Signal  Service. 

Mr.  Upton  said  when  the  New  England  service  was  first  organised,  an  investigation 
of  the'subject  of  rain-gauges  was  made,  and  they  concluded  that  sufficient  aocunu^  had 
not  been  attained  in  the  gauge  itself;  most  of  them  wero  only  approximate  gauges;  often 
those  furnished  by  the  Signal  Service  had  large  errors.  The  gaoge  in  Providence  had 
an  error  of  10  per  cent.  Perhaps  the  gauges  were  not  made  according  to  pattern.  The 
great  difficulty  witii  the  rain-gauge,  as  commonly  constructed,  is  that  the  rim  of  the  re- 
ceiver is  not  perfectly  true,  and  the  only  way  to  make  the  receiver  perfectly  circular  was 
to  turn  it  in  a  lathe.  The  gauges  they  made  were  of  copper,  and  they  have  two  kinds 
in  use,  both  modeled  after  the  style  of  the  Signal  Service  gauge.  One  style  has  the 
measuring  tube  attached  to  the  receiver,  and  in  the  other  the  tube  is  separate.  The 
lowest  cost  of  these  gauges,  mode  of  copper,  is  $4*25.  We  have  inatructed  our  observers 
using  gauges  of  a  different  style  to  make  tests  of  their  accuracy. 

Mr.  Hasen  thought  it  ought  to  be  remembered  that  the  error  of  a  gauge  due  to  its 
exposure  was  far  greater  tbSa  any  possible  error  that  can  come  from  the  gauge  itself. 
He  thought  the  cost  of  the  gauge  an  important  matter,  as  many  observers  may  refuse  to 
take  observations  because  they  would  have  to  pay  such  large  prices  for  the  gauges.  He 
thought  gauges  made  of  galvanized  iron  would  give  accurate  results,  and  also  if  made 
of  tin  the  rim  might  be  turned  and  a  sharp,  wdl-defined  edge,  and  one  likely  to  last, 
would  be  secured.  Such  a  gauge  might  be  made  for  75  cents,  aJthough  one  costing,  per- 
haps, $1  would  be  more  satis&ctory.  He  saw  no  reason  why  a  tin  gauge  could  not  be 
made  -within  4  per  cent,  of  accuracy. 

Mr.  Mell  was  of  opinion  that  if  the  edges  of  the  rim  of  receiver  were  flared  out  in- 
stead of  turned,  very  little  error  would  be  caused;  have  the  diameter  of  receiver  8 
inches  and  you  could  have  a  tin  gauge  as  accurate  as  one  made  of  copper  or  galvanized 
iron. 

Mr.  Russell  stated  that  the  rain-gauge  in  use  in  the  Signal  Servic^  and  which  had 
been  in  use  nearly  a  year,  corresponded  with  the  Upton  gauge.  The  rim  of  this  gauge 
is  made  of  heavy  brass,  turned  down  to  a  sharp  edge;  the  ooUecting  tube  being  of  drawn 
hrsas.  These  gauges  were  carefully  calibrated  ana  correction  cards  were  sent  out  with 
each  instrument.  He  thought  cedar  the  best  wood  for  making  the  measuring  stick,  it 
makes  a  clean  sharp  line  when  dipped  in  water.  The  cost  of  these  gauges  to  tibe  service 
is  $3.30.  The  sticks  cost  10  cents.  These  gauges  are  made  by  a  firm  in  Newark,  N.  J. 
In  the  matter  of  anemometers,  we  have  succeeded  in  getting  very  good  instruments  for 
$18,  formerly  costing  $25.  The  manufacturers  will  sell  to  the  State  services  for  the  same 
figures. 

Mr.  Rotch  inquired  whether  snow-gauges  were  used  at  all  in  measuring  snow  by  the 
different  services. 

7  sia 
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This  qoestum  developed  a  differenoe  of  opinion  in  xegard  to  the  proper  mode  of  meaa- 
niing  snowfall,  some  memheiB  being  of  opinion  that  the  best  plan  was  to  measnie  the 
snow  meltedy  while  othen  thought  better  xesolts  conld  be  obtained  by  measoring  the 
snow  nnmelted,  with  a  grsdoated  stick,  and  estimating  the  depUi  ifmelted,  on  ascale  of 
ItolO. 

Mr.  Upton  thought  that  the  measurement  of  snow  in  the  northern  districts  qnite  diffi- 
culty and  that  a  sepaiate  column  should  be  added  to  the  Ibnn  used  by  obserrers  lor  re- 
porting precipitation,  and  that  lainfidl  and  snowiUl  should  not  be  onnbined  as  in  the 
present  form. 

At  this  point  the  discussion  of  rain-gauges  was  laid  over  temporarily,  and  the  question 
of  location  of  instruments  was  taken  up. 

Mr.  Upton  thought  that  the  instrument  which  was  most  difficult  to  locate  was  the 
thermometer.  He  thought  there  was  no  difficulty,  as  a  rule,  with  other  instruments, 
and  would  like  to  know  how  thermometen  are  escposed  in  the  different  services  at  pres- 
ent. 

Mr.  Thomas  said  the  exposure  of  thermometen  in  the  Ohio  service  is  generally  in  the 
Signal  Service  shelters.  There  is  want  of  uniformity,  however,  of  surroundings*  He 
thought  this  point  was  brought  out  very  strongly  during  the  last  cold  wave.  The  mini- 
mum thermometer  at  the  Signal  Service  station  at  Columbus  registered  on  one  night 
minus  2°;  at  the  university,  one  of  the  Signal  Service  instruments  located  on  the  east 
side  of  a  house,  not  iar  from  the  base  of  a  tumace  chimney,  rq;istered  minus  12^.  The 
minimum  thermometer  at  the  Signal  Service  station  at  the  university,  exposed  in  the 
Signal  Service  screen,  registered  minus  14^.  Now  this  lact  of  difTerence  could  Jiot  be  due 
to  any  temperature  gradient.  The  explanation  is  found  in  the  fact  that  the  Signal  Service 
station  lies  in  the  center  of  the  business  portion  of  the  city  of  Columbus,  the  screen  is  on 
the  top  of  the  building  but  littie  higher  than  the  roo&  immediately  surroundiog,  in  the 
track  of  gases  coming  from  several  smoke-stacks  lying  in  the  west  and  southwest,  and  the 
prevailing  winds  there  are  south  and  southwest.  Further,  not  only  are  the  thermome- 
ters strongly  influenced  by  their  position  at  this  station,  but  the  anemometers  likewise. 
Take  the  velocity  and  direction  of  the  wind  as  shown  by  the  reports  of  the  weather  bu- 
reau, and  you  will  find  in  our  monthly  summaries  that  when  yon  come  to  compare  the 
temperature  and  wind  movement,  there  is  great  discrepancy  between  the  two  stations, 
only  a  half  mile  apart.  One  discrepancy  in  the  direction  of  the  wind  is  due  to  a  fault 
at  the  univeimty  itself,  owing  to  the  location  of  the  instrument.  With  respect  to  the 
wind  movement  the  error  is  at  the  oentzal  station,  for  I  have  here  now  the  December 
report  of  the  Signal  Service  bureau;  the  record  at  the  Signal  Service  station  is  5,557  miles, 
and  at  the  university  6,572  miles.  The  difference  is  notduo  to  any  difference  in  reading 
or  care  of  the  instruments,  but  is  simply  due  to  the  elevations.  The  anemometer  at  the 
University  is  located  on  the  top  of  a  tower,  100  feet  from  the  surface  of  the  ghmnd. 
The  anemometer  at  the  signal  station  is  placed  at  much  lower  elevation,  and  the  wind 
currents  are  broken  by  the  surrounding  buildings  before  reaching  the  instruments. 

Mr.  Hazen  said  that  in  Professional  Papen  No.  18  will  be  found  a  very  complete  dis- 
cussion of  the  observations  at  the  signal  office  in  Columbus,  and  at  the  Ohio  State  Uni- 
versity. The  difference  in  the  elevations  of  thermometera  is  one  of  the  important  fea- 
tures. The  thermometer  at  the  university  being  4  feet  above  the  ground,  and  that  at 
the  signal  office  in  the  city  being  80  feet.  In  dear  weather  the  temperatures  at  the  Ohio 
State  University  were  three  or  four  degrees  lower  than  in  the  city,  butin  cloudy  weather 
the  dty  temperatures  were  lower  than  in  the  countiy.  The  trouble  was  not  so  much  with 
the  observations  in  the  dty,  as  there  was  no  interference  of  air-currents,  but  with  the 
temperatures  at  the  university  being  taken  only  4  feet  above  the  ground,  and  conse- 
quently being  affected  by  the  cooling  of  the  air  from  radiation  from  the  grass. 

Mr.  Payne  supposed  that  to  get  the  true  temperature,  the  sur&ce  temperature  is  the 
one  to  know.  His  rule  was  to  expose  the  thermometer  15  feet  above  the  surface  of  the 
ground,  and  in  general  not  less  than  12  feet. 

Mr.  Mell,  referring  to  the  location  of  the  Signal-Service  instruments  at  the  cotton-re- 
gion stations,  stated  that  he  had  visited  last  year  these  stations  located  in  Alabama  and 
found  that  often  where  the  observers  were  carefhl  to  expose  their  instruments  in  aoooid- 
ance  with  instructions — that  is,  on  the  north  side  of  the  station  buildings — ^the  observa- 
tions were  defective,  and  many  errors  arose  on  account  of  the  proximity  of  box-cara  and 
locomotives,  giving  out  great  heat.  *At  Birmingham,  Ala.,  he  found  the  shdter  placed 
on  the  north  side  of  the  building,  but  down  between  several  railroad  tracks,  in  the  angle 
of  three  railroads,  and  at  no  time  daring  the  day  were  those  tracks  clear  of  cars,  and  the 
heat  there  daring  the  day  was  much  greater  than  at  other  points  in  the  city.  Vexy  lit- 
tle value  is  placed  upon  observations  at  Birmingham  for  these  reasons.  The  exposures 
are  usually  proper,  and  care  is  taken  by  the  observers  to  carry  out  instructions,  but  it  is 
utterly  impossible  to  get  accurate  results  from  these  instruments  placed  in  the  hands  of 
railroad  men.  It  would  be  best  to  let  other  persons  take  the  observations— farmers,  &c. 
He  found,  in  some  instances,  thermometers  placed  50  or  60  feet  above  the  ground,  and 
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placed  upou  the  root's  of  niilFoad  bnildiogs.  At  the  Polytechnlo  Institute  the  instra- 
ments  are  exposed  in  a  shelter  located  in  his  yard,  and  detached  from  the  bailding, 
away  from  all  radiation,  and  in  such  a  position  as  not  to  allow  the  wind  to  strike  the  in- 
stmments  at  all.  He  gets  good  average  results.  The  instruments  are  placed  within  8 
feet  of  the  surface  of  the  ground.  He  has  been  reading  them  in  this  position  for  several 
years,  and  he  gets  very  good  results. 

$  Mr.  Redding,  Georgia,  said  that  in  regard  to  the  observations  at  the  cotton-region 
stations,  at  the  time  he  took  charge  of  the  State  weather  service,  he  took  occasion  to 
examine  some  of  the  stations  in  Georgia,  and  the  location  of  the  instruments,  and  he  found 
thin^  just  as  Mr.  McU  had  stated,  that  the  exposures  were  very  poor  on  account  of  the 
proximity  of  railroad  cars.  He  did  not  rely  upon  the  observations  at  all,  the  maximum 
temperatures  usually  being  too  hi^h. 

The  chairman  thought  all  this  information  relative  to  the  cotton-region  stations  was 
Just  what  the  Signal  Service  wanted.  But  he  thought  a  little  explanation  was  due  the 
conference  regarding  these  particular  observeis.  The  observers  are  iMtid  out  of  a  limited 
appropriation  at  the  rate  of  fifteen  or  twenty  cents  per  day.  They  are  necessarily  lo- 
cated at  telegraph  stations,  in  order  that  they  may  tel^^ph  results  to  the  centers,  so 
that  the  obsnvations  may  be  telegraphed  to  the  central  omce  in  Washington  and  be 
made  usefuL  We  have  now  before  Congress  the  estimates  for  the  coming  £cal  year,  in 
which  we  have  made  an  entirely  new  basis  for  this  cotton-belt  service,  and  have  arranged 
to  pay  fifty  cents  per  day  to  each  observer  in  order  that  we  may  get  intelligent  men  for 
this  purpose. 

Mr.  Mell  recognized  the  importance  of  having  these  stations  at  the  telegraph  oflices 
and  fully  appreciated  the  difficulties  in  the  way  of  having  them  elsewhere.  He  thought 
the  difficulty  could  be  surmounted  by  getting  some  person  away  from  the  railroad  to 
take  the  observations  and  carry  them  to  the  telegraph  office.  He  thought  ladies, 
young  men,  and  clerks  could  be  found  who  would  be  willing  to  do  this.  If  this  could 
be  done,  the  cotton-belt  work  would  be  very  highly  appreciated  by  the  people  of  the 
South.  These  observations  are  very  necessary  for  the  shipping  of  cotton.  He  knew  a 
case  where  one  observer  had  reported  no  rainfall  for  one  month,  when  they  had  had  dur- 
ing that  time  a  good  rainfall  over  the  entire  State.  At  Salem  the  rain-gauge  is  exposed 
between  two  side-tracks,  and  these  two  tracks  are  nearly  always  occupied  by  cars,  and 
there  is  only  space  enough  between  the  cars  sufficient  for  one  man  to  walk.  He  debated 
the  question  with  this  observer,  and  the  observer  stated  that  he  had  authority  to  place 
the  gauge  there  by  the  Signal  Service.  He  succeeded,  however,  in  getting  the  observer 
to  change  the  location  of  the  gauge.  The  men  read  over  the  instructions  very  closely, 
but  do  not  always  place  their  instruments  in  the  correct  locations. 

Mr.  Hazen  said,  referring  to  location  of  shelters,  that  ordinarily  on  the  north  side  of 
a  building  the  maximum  temperature  will  be  lower  than  the  true  temperature,  but  it 
depends  a  great  deal  upon  the  observer  and  the  way  he  follows  his  instructions.  In 
Houston,  Tex.,  it  was  ibund  that  the  shelter  had  been  placed  upon  the  south  side  of  the 
station.  If  it  is  not  possible  to  place  the  shelter  on  the  north  side  of  the  building,  it 
should  be  located  on  the  northeast  rather  than  on  the  northwest. 

Mr.  Fuertes  inquired  as  to  evaporation  gauges;  whether  evaporation  gauges  are  used 
in  the  difierent  State  services,  and  if  so,  what  kind  of  gauges  are  used  and  what  are  the 
exposures,  or  whether  measures  are  taken  to  determine  evaporation  at  all. 

Lieutenant  Dunwoody  said  the  Signal  Service  had  exposed  a  small  self-recording  evap- 
orating gauge  on  the  roof  of  the  Signal  Office  in  Washington,  and  he  remembered  that 
on  a  number  of  days  during  the  summer  the  record  of  evaporation  was  about>one-thiid 
inch  per  day.  That  was  his  impression.  The  curve  of  evaporation  was  very  marked 
after  12  o'clock  in  the  day,  before  that  time  the  curve  was  almost  horizontal.  There 
was  very  little  evaporation  before  noon,  but  during  the  latter  part  of  the  day  the  evap- 
oration was  very  rapid. 

Mr.  Fuertes  was  of  opinion  that  the  amount  of  evaporation  varies  greatly  with  ex- 
posure. Evaporation  is  such  an  important  element  in  agriculture  that  he  thought  some- 
thing more  ought  to  be  done  than  had  been  done  hitherto.  It  will  be  found  that  the 
percentage  or  difference  between  evaporation  on  the  shores  of  marshes,  in  grass  or  in  low 
lands,  and  on  the  tops  of  houses  and  buildings  varies  a  great  deal.  The  question  seemed 
to  him  one  of  great  importance  and  something  should  be  done  to  give  an  impetus  to  the 
use  of  evaporation  gauges;  also  to  secure  some  uniform  method  of  taking  observations. 

Lieutenant  Dunwoody  thought  Professor  Abbe  had  some  interesting  data  on  the  sub- 
ject^ and  he  was  sorry  that  he  was  not  present. 

Mr.  Mell  suggested  that  the  consideration  of  the  topic  under  discussion  be  postponed 
for  the  present,  and  that  probably  the  conference  could  hear  Professor  Abbe  when  it  was 
resumed. 

There  being  no  objection  it  was  so  decided,  and  the  consideration  of  the  second  topic^ 
"Location  of  instruments,"  &c,  was  laid  over,  afad  the  discussion  of  the  third  topic, 
"Form  of  publication  of  results,"  was  taken  up. 
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Mr.  Payne  snggested  that  inasmiich  as  the  report  of  tbe  committee  on  blank  forms 
for  recorcLs  was  not  ready,  that  the  subject  be  deferred  antil  the  report  was  reoeiTed,  and 
made  a  motion  to  that  effect,  which  was  carried,  and  the  question  was  laid  over  aoooid- 
ingly. 

The  fourth  topic,  *' Forms  of  weather  signals,''  was  the  next  subject  in  order,  and 
the  chairman  inquired  whether  it  was  the  desire  of  the  conference  to  take  it  up. 

Lieutenant  I>nnwoody  said  that  there  was  a  gentleman  present  who  had  prepared  an 
article  on  the  subject  of  weather  maps,  and  General  Hazen  had  requested  him  to  bring 
the  subject  to  the  attention  of  the  conyention,  and  he  moved  that  an  opportunity  be 
given  the  gentleman  (Mr.  Noyes)  to  read  his  jMiper  to  the  convention. 

The  motion  was  carried,  and  Mr.  Koyes  read  the  following  paper: 

THE  IHPROTKMEKT  OF  OUB  WSATHEB  SERVICE. 

When  our  weather  service  was  first  established  we  had  little  knowledge  of  what  was 
wanted.    It  was  a  new  departure;  it  was  the  launching  of  our  bark  on  an  unknownsea. 

We  had  no  precedent  to  guide  us.  Prior  to  the  date  of  the  weather  map  the  world 
thought  it  knew  something  about  meteorology,  but  the  map  has  taught  us  that  we  knew 
very  little  about  this  department  of  science;  and  so  little  was  that  knowledge  that  in  a 
scale  of  ten  it  would  not  rank  higher  than  three. 

Those  who  have  ignored  that  wonderful  modem  acquisition  to  science  may  doubt  this 
statement,  but  let  them  turn  to  the  old  works  on  meteorology  and  see  the  reasons  given 
for  rain.  See  the  pretensions  of  and  fiuth  in  the  almanac-makers  in  regard  to  the  effect 
of  the  moon,  the  tides,  &c. 

Before  the  age  of  the  weather  map  we  knew  nothing  of  the  movements  of  the  atmo- 
sphere, and  all  sorts  of  absurd  notions  were  held  in  regard  to  it;  and  to-day,  no  matter 
how  intelligent  the  person  may  be,  if  he  is  ignorant  of  the  weather  map  he  is  ignonnt 
of  the  weather;  for  only  by  that  illumination  can  we  understand  the  wise  and  far-reach- 
ing laws  that  govern  the  movements  of  the  atmosphere  of  our  eiurth.  It  may  be  SHsked 
why  we  did  not  have  a  weather  map  before.  For  the  simple  reason  that  the  possibility 
of  the  map  dq[wnded  upon  the  telegraph;  and  nntil  the  tel^;Taph  had  been  perfected, 
whereby  we  oonld  have  reports  at  the  same  moment  ftom  over  a  wide  expanse  of  coun- 
try, it  was  not  possible  to  have  the  present  daily  map.  When  first  inaugurated,  it  is 
quite  evident,  from  the  map  itself,  that  even  its  projectors  knew  not  its  full  value; 
nor  how  to  perfect  it  at  once.  It  must  be  developed  little  by  little.  Those  in  chaxge  of 
it  must  feel  their  way.  That  they  did  not  at  once  give  us  a  perfect  map  is  not  surpris- 
ing; the  surprising  thing,  however,  is  that  they  have  gone  on  from  one  advanced  step 
to  another  tiU  they  have  given  us  the  perfect  map  of  to-day.  And  this,  let  it  be  borne  in 
mind,  has  been  done  without  the  moral  support  of  those  whom  it  would  seem  should 
have  heesL  the  first  to  assist  in  perfecting  this  grand  system  whereby  we  are  enlightened 
as  to  the  medium,  the  atmosphere  in  which  we  live,  and  but  for  which  our  globe  would 
be  as  lifeless  as  the  moon. 

Knowledge  of  our  atmospheie  is  what  the  map  has  given  us. 

As  to  the  perfection  of  the  present  system,  it  is,  as  &r  as  the  principle  is  concerned, 
as  perfect  as  can  bd.    The  only  thing  now  to  do  is  to  extend  the  principle. 

The  great  advantage  we  in  the  United  States  have  is  our  extent  of  territory — a  double 
square  of  about  1,600  miles  north  and  south  by  about  3«000  miles  east  and  west— all 
under  one  government.  One  thing  in  this  department  has  been  well  established,  and 
that  is  that  we  cannot  study  meteorology  in  a  small  territory;  therefore  the  absurdity  of 
the  local  meteorological  societies.  They  are  all  confined  to  a  small  extent  of  territory; 
might  as  well  attempt  to  study  the  tidal  system  of  the  world  in  a  mill-pond,  as  to  attempt 
to  study  meteorology  entirely  in  a  country  of  small  area.  If  one  doubts  this,  let  him 
follow  up  the  weather  map  even  for  a  few  weeks  and  notice  the  movements  of  the  at- 
mosphere thereon  recorded.  These  movements  will  at  once  be  seen  to  be  on  a  large 
scale. 

The  perfection  of  meteorology  depends  upon  the  reports  whereby  the  map  is  formed; 
simultaneous  reports,  three  times  a  day  at  least,  sent  in  to  headquarters,  where  they  are 
tabulated  and  a  map  printed  thereftom.  By  the  map  we  have  disoovered  that  the  gen- 
eral movement  of  the  atmosphere  is  from  the  west  toward  the  east,  or  toward  the 
rising  sun. 

The  atmosphere  is  divided  into  two  grand  factors,  high  and  low  barometer,  techni- 
cally, for  short,  termed  *'high''  and  '*  low."  These  move  around  the  world,  from  the 
west  towards  the  east;  not,  however,  on  regular  lines.  We  see  them  appear  in  the  west — 
cross  the  country— and  disappear  in  the  east.  We  trade  them  across  the  ocean ;  they  are 
all  tJie  while  appearing  in  the  west,  and,  so  fitr  as  we  can  trace  them,  disappearing  in  the 
east  We  cannot  at  present  prove  that  they  travel  around  the  world,  but  we  infer  that 
they  do;  and  we  have  not  the  least  doubt  but  what  the  future  will  prove  this.  Now,  as 
these  factors,  ''high"  and  ''low,"  thus  move,  it  follows  that  the  more  stations  we  have 
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the  better,  and  that  the  stations  in  the  west  are  more  important  than  those  in  the  east. 
We  want  stations,  however,  all  over  the  country,  and  wo  may  say  all  over  the  world. 
The  more  we  have  the  better.  In  the  East  there  are  many  stations  within  fifty  miles  of 
each  other.  Out  West  they  are  three  and  five  hundred  miles  apart.  Then,  again,  the 
telegraph  communications  in  the  far  West  are  frequently  inteirnpted,  so  that  practically 
the  distance  between  stations  becomes  much,  greater. 

.  The  * '  lows, ' '  which  seem  to  be  the  governing  feature,  may  be  said  to  enter  the  United 
States  at  four  general  points — the  extreme  Northwest-,  in  the  neighborhood  of  Washing- 
ton Territory ;  theSouthwest,  orneartheheadof  tbeGulfofCaliibmia;  through  Central 
Mexico,  Texas,  and  the  Gulf;  and  occasionally  from  the  West  Indies.  Therefore,  we 
want  more  stations  in  these  several  directions — more  in  the  far  Northwest  and  South- 
west, some  through  Mexico,  and  even  the  Gulf,  and  a  few  in  the  West  Indies.  In  ad- 
dition to  the  one  at  Havana,  one  on  the  extreme  eastern  end  of  the  island  of  Cuba,  and 
one  farther  north  on  the  islands  of  Bermuda.  The  storms  that  oome  from  the  southeast 
quarter  may  seem  to  counteract  the  law  that  the  movement  of  tiie  atmosphere  is  from 
the  west  toward  the  east.  If  we  will  refer  to  the  map,  we  will  see  that  although  this  is 
a  general  law,  the  movement  is,  at  times,  even  for  a  great  distance^  almost  due  north  or 
due  south,  and  occasionally  even  toward  the  west.  But  whatever  the  local  or  special 
movement  may  be,  the  general  movement  is  as  herein  stated.  When  it  is  otherwise,  it 
is  only  for  a  short  time,  and  sooner  or  later  the  easterly  movement  is  resumed.  From 
the  inequality  of  the  surfiice,  the  direction  of  these  forces  on  land  are  very  irregular, 
while  on  the  ocean,  where  there  are  no  counteracting  influences,  such  as  combinations  of 
land  and  water,  mountain-chains,  plains,  &c.,  the  direction  or  course  is  very  regular— 
almost  due  east.  We  need  a  few  stations  in  our  South  and  East,  in  order  to  be  fore- 
warned of  these  '4ows''  that  occasiomJly,  more  particularly  during  the  late  summer 
months,  at  present  oome  so  suddenly  unon  us  from  that  quarter. 

The  next  point  I  would  offer  is  the  "  skeleton-map  "  idea.  The  present  map  is  most 
valuable  as  a  scientific  instructor  and  for  practical  porposes  near  at  hand,  but  we  know 
that  the  mail  cannot  deliver  one  of  these  maps  farther  awi^  than  about  600  miles  in 
twenty-four  hours.  Then,  sending  the  map  to  the  West  is  sending  it  toward  the  ap- 
proaching movement,  whereby  the  time  is  still  further  reduced.  We  could  have  a  num- 
ber of  centors  where  a  map  could  be  printed  and  issued,  but  this  would  be  expensive 
and  unsatisfactory.  In  addition  to  the  map  now  published  at  Washington  let  os  adopt 
the  * 'skeleton-map  "  systeuL  Let  the  map  of  the  United  States  and  surrounding  conn- 
try,  as  much  as  we  can  cover  by  stations,  be  divided  into  squares,  on  lines  of  latitude  and 
longitude.  As  to  the  size  of  these  subdivisions,  let  that  bo  determined  by  the  practical 
tests.  Squares  not  too  large  or  too  small.  I  think  about  seven  or  ten  squares  in  length, 
from  west  to  east,  and  the  same  proportion  from  south  to  north,  would  be  a  very  good 
size.  Say,  have  the  squares  numbered  and  the  intersecting  lines  lettered,  or  the  leyeae. 
This  would  give  us  a  very  simple  and  convenient  system.  Throughout  the  country,  in 
every  office  and  household,  they  can  have  their  *' skeleton  map  ''  suspended  on  the  wall, 
say  beside  the  calendar;  and  even  smaller  editions  can  be  published  in  the  columns  of 
our  daily  papers.  In  place  of  or  auxiliary  to  the  present  plan,  let  the  central  office  tele- 
graph all  over  the  country  the  location  of  the  ''highs*' and  ''  lows,''  even  three  times  a 
day;  and  in  addition,  at  the  post-offices  or  newspaper  offices,  let  there  bo  large  black- 
boards with  the  skeleton  map  thereon  in  plain  white  lines. 

As  the  report  is  received  some  handy  person  with  a  piece  of  chalk  can  step  up  to  the 
board-map  and  thereon  make  a  few  lines — indicate  the  * '  high ' '  and  the  * '  low. ' '  The  pub- 
lic will  soon  learn  to  read  it ;  and  when  they  do,  they  have  something  valuable.  Then  they 
are  not  only  obtaining  some  local  information  valuable  to  them  for  the  next  few  hours, 
but,  as  it  were,  they  are  taking  in  the  scope  of  the  whole  country,  and  know  what  con- 
ditions prevail  where  their  friendly  or  business  interests  may  be,  even  thousands  of 
miles  away,  and,  in  addition  to  this,  they  are  the  while  receiving  practical  instructions 
in  meteorology.  No  longer  will  they  be  imposed  upon  by  the  many  erroneous  sayings 
that  are  so  common  about  the  weather,  and  as  for  the  so-called  *'  weather  prophets," 
their  silly  vocation  will  be  at  an  end.  The  world  will  have  light  and  not  darknees'to 
guide  them,  and  they  will  soon  grasp  it  and  r^ize  the  glorious  scientific  revolution  that 
has  been  wrought  by  that  wonderful  illuminator,  the  weather  map. 

I3AAC  P.  NOYES. 

Washington,  D.  C,  February  23,  1886. 

The  consideration  of  the  fourth  topic  was  then  token  up. 

Lieutenant  Dun  woody  said  he  would  like  to  know  the  different  plans  under  this  head 
that  have  been  used  in  the  several  services,  and  would  like  to  hear  their  merits  and  de- 
merits discussed,  as  he  thought  this  was  a  means  of  enabling  the  Signal  Service  to  util- 
ize the  Slate  weather  services,  and  with  their  co-operation  an  opportunity  would  be  given 
the  Signal  Service  for  intercourse  with  the  people. 

Mr.  Davis  said  he  would  like  to  hear  from  Ohio  first  on  this  matter,  as  he  believed  the 
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fifsi  Ibnnal  plan  of  weather  signaLs  orignated  there  under  the  direction  of  the  chairman, 
ProfeflBOfT  Meodenhall.  He  was  sorry  that  he  was  not  able  to  approTe  of  the  Ohio  plan. 
He  thought  there  ought  to  be  something  more  simple  than  the  six  or  seven  flag  system. 
He  thought  the  number  of  signals  now  displayed  veiy  small  to  what  should  be  displayed. 

Mr.  Thomas  presumed  the  members  of  the  conference  were  quite  &miliar  witii  the 
system  of  signals  in  use  in  Ohio,  as  they  are  the  signals  which  have  been  adopted  by 
the  Signal  Sorice.  (Mr.  Thomas  exhibited  cards  showing  the  gignaia^  and  said  l&at  the 
oold-waye  signal  would  be  printed  on  the  next  supply.)  He  could  not  give  precise  in- 
finmation  as  to  the  extent  to  which  these  signals  are  used,  because  there  were  a  number 
of  private  parties  who  have  provided  themselves  with  flags  and  display  the  signals  fh>m  in- 
Ihrmatlon  obtained  in  the  morning  newspapers,  from  railroad  offices,  and  fh>m  the  Signal 
Service  stations.  There  has  been  great  activity  in  Ohio  in  the  post  six  months  in  this 
respect.  There  are  ten  stations  named  by  the  bureau  as  the  recipients  of  special-pre- 
diction telegrams.  The  Signal  Service  had  asked  his  service  to  aid  them  in  designat- 
ing the  penons  at  these  points  who  should  receive  these  tel^rams.  In  certain  cases 
some  of  the  corporate  bodies  of  cities,  towns,  and  villages  have  directed  different  local 
offioei»— in  some  cases  the  fire  departments,  police  depiStments,  and  khidred  organiza- 
tion*—to.  attend  to  the  receipt  of  these  tel^rams,  and  made  it  a  part  of  their  regular  du- 
ties to  display  these  flags  upon  some  prominent  point  in  the  cities  or  towns.  A  number 
of  private  business  firms  are  using  the  signals,  and  display  them  as  little  signs  on  ^e 
fronts  of  their  places  of  business.  The  general  method  of  display  is  that  of  a  flag  fiom 
a  flag-staff.  In  Columbus  the  bureau  has  displayed  the  signals  after  the  manner  of  ban- 
ners on  a  rope  across  the  street;  but  in  these  cases  the  flags  are  soon  worn  out  by  Uie 
windy  and  the  practice  has  been  discontinued.  As  to  the  simplicity  of  the  signals,  he 
did  not  think  it  necessary  to  simplify  the  system  at  all,  as  school  children  understand 
exactly  what  is  meant  by  the  signals.  He  did  not  think  the  system  is  at  all  objection- 
able' upon  the  score  of  complexity  or  difficulty  of  the  people  to  understand  it.  He 
described  the  manner  in  which  these  signals  were  displayed  on  the  sides  of  baggage  cars 
on  some  of  the  railroads  in  Ohio.  These  signals  are  quite  popular  in  the  region  tlirough 
which  the  trains  pass,  but  people  at  a  distance  from  the  roads  would  like  to  have  audible 
signals.  Some  ol  the  factories  have  undertaken  to  whistle  the  signals,  but  wilJ^  what 
success  he  did  not  know. 

Mr.  Davis  said  that  in  New  England  they  took  up  the  Ohio  system  of  flags  on  the 
recommendation  of  the  Signal  Service.  They  have  a  certain  number  of  telegrams  allowed 
them  by  the  Signal  Service,  and  the  information  is  sent  by  telegraph  or  telephone  to  the 
different  New  England  stations  and  to  persons  who  agree  to  d^&p&y  the  flags.  In  that 
way  a  small  number  of  people  is  reached.  One  of  the  difficulties  in  the  way  of  getting 
people  to  display  these  signals  is  tho  cost  of  the  flags,  which  is  (8.50  per  set. 

The  New  England  service  has  a  scheme  for  the  State  to  piie  up  the  matter  of  the 
distribution  of  messages  to  all  telephone  exchanges,  the  exchanges  agreeing  to  send 
two  a  day  to  local  points,  and  he  thought  if  the  States  took  this  matter  up  it  was 
very  important  to  adopt  a  permanent  system  of  signals  before  it  was  done.  In  order 
to  have  the  system  succeed  it  would  be  very  important  to  have  the  States  pay  for  the 
flags.  The  expenses  of  the  service  could  be  diminished  one-half  in  that  way.  The 
number  of  fiags  could  be  reduced.  He  would  indicate  higher  and  lower  tempera- 
ture by  the  attitude  of  the  temperature  flag,  and  thought  that  the  local  and  general 
rains  could  be  embraced  in  one  flag.  He  would  not  have  a  flag  for  stationary  temper- 
ature, but  would  have  a  fair-weather  flag.  There  should  be  a  little  streamer  to  indi- 
cate the  beginning  of  the  signals,  so  that  the  signals  could  be  read  when  displayed  hor- 
izontally. He  would  like  to  see  some  simplification  of  these  signals  in  this  vmy :  Tem- 
perature indicated  by  one  flag,  stationary  temperature  flag  omitted,  and,  if  possible, 
local  and  general  rains  indicated  by  a  single  flag.  Then  there  should  be  a  change  in  the 
time  of  receipt  of  the  indications.  He  thought  the  matter  could  be  greatly  aided  if  they 
could  get  the  indications  for  to-morrow,  say,  at  noon  to-day,  disregarding  the  weati^er 
for  the  afternoon.  He  thought  too  much  attention  was  given  to  the  actual  weather  in 
the  indication  and  not  enough  to  anticipated  weather.  Referring  to  the  form  of  weather 
signals,  he  suggested  that  it  is  not  necessary  to  have  any  figure  or  symbol  on  the  flag, 
but  simply  to  have  a  red  flag  to  designate  temperature  and  the  bine  flag  for  rain,  and, 
in  case  the  fiags  are  hung  horizontally,  have  a  little  streamer  to  indicate  the  beginning 
of  the  signal  and  spaces  to  show  *'  followed  by.'' 

Mr.  Mell  said  it  was  not  his  intention  when  he  adopted  the  signals  in  use  in  Alabama 
to  run  in  opposition  to  the  Ohio  system.  He  took  charge  of  the  Alabama  weather  serv- 
ice after  Professor  Mendenhall  established  the  system  in  Ohio,  and  he  made  an  attempt 
to  use  the  Ohio  system  in  his  State.  It  is  very  well  to  expose  the  signals  on  railroad 
trains,  but  it  is  better  to  have  them  displayed  at  the  stations.  He  hod  Wn  greatly  aided 
in  his  system  by  the  different  railroad  compauicn  in  his  State.  One  road  not  only  tele- 
graphed the  signals,  but  bought  the  flags  and  put  them  up.  Some  of  the  roods  objected 
to  using  the  r^  flag  because  it  was  their  danger  signal,  and  would  therefore  be  confua- 
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ing  to  their  railroad  employ^    For  this  leason  he  had  odopted'the  orange  color.     (Mr. 
Mell  here  exhibited  a  set  of  his  flai^  and  explained  at  length  his  system  of  signals.) 

He  used  a  square  white  flag  for  lair  weather,  sqoare  orange  flag  for  local  rains,  and 
square  blue  flag  for  general  rain,  a  triangular-shaped  black  flag  lor  temperature.  On 
some  of  the  roods  he  was  required  to  get  parties  to  take  charge  of  the  signals.  Refer- 
ring to  the  Ohio  system,  he  said  that  he  found  difficulty  in  reeling  the  flags  when  they 
hung  dose  to  the  stafi";  he  could  not  tell  whether  it  was  the  moon  or  the  star.  His^flagB 
were  made  of  calico,  owing  to  its  durability  and  cheapness.  A  set  of  the  flags  cost  $2. 
He  had  found  newspapers  that  published  his  symbols  without  the  colors,  but  with  de- 
scription of  each  printed  thereon.  He  had  found  difficulty  in  convincing  the  Western 
Union  Telegraph  Company  that  his  system  was  a  good  thing  and  that  they  should  send 
these  signals  free.  The  company  had  uniformly  declined  to  aid  in  the  cause.  In  pre- 
paring his  system  he  found  the  thing  to  be  secured  was  simplicity,  something  that  tiie 
people  could  easily  understand,  and  he  believed  his  system  attained  this  object.  He 
thought  the  flag  for  general  rains  might  be  done  away  with,  and  this  would  leave  three 
flags.  He  had  print^  the  cold- wave  flag  on  his  cai;d  for  the  convenience  of  the  people 
with  whom  it  was  popular.  The  cold-wave  flag  had  been  displayed  from  the  college 
building,  and  could  be  seen  at  a  great  distance. 

Mr.  Upton  inquired  why  the  peculiar  shape  of  the  temperature  flag  had  been  adopted. 

Mr.  Mell  could  not  give  any  special  reason  for  the  triangular  shape  of  this  flag.  It 
had  been  decided  upon  for  no  particular  reason.  For  ' '  followed  by  ^  he  leaves  the  space 
of  one  flag  between  the  signals. 

Mr.  Davis  said  he  had  t^n  able  to  do  but  very  little  with  railroads  in  New  England, 
with  the  exception  of  the  Old  Colony  Railroad  Company,  which  displayed  the  sigxmlson 
its  trains. 

Mr.  Mell  thought  his  system  the  best  that  could  be  devised  as  to  simplicity.  He  ex- 
plained that  in  telegraphing  the  indications— say,  fair  weather,  higher  temperature — ^he 
would  simply  say  **  white  below  black.''  The  railroad  superintendent  receiving  this 
telegram  would  put  it  into  his  dispatcher's  hands,  and  the  dispatcher  tel^raphs  the 
same  wording  over  his  lines  to  the  agents.  Time  is  a  very  important  item;  these  sig- 
nals must  be  sent  out  promptly  or  they  would  be  of  no  service  at  all.  The  telegraph 
companies  are  not  always  prompt  about  this  matter. 

Mr.  Thomas  stated  that  no  reoomtnendation  had  been  made  with  reference  to  a  system 
of  whistling  signals  in  Ohio.  Some  parties  had  taken  the  matter  up,  but  he  had  not 
been  advis^  in  regard  to  the  method  of  signals.  Eflforts  were  made  to  induce  the  rail- 
road companies  to  whistle  these  signals*  but  they  declined,  as  it  would  confuse  their  own 
signals.  The  Ohio  system  had  become  largely  used,  yet  those  who  are  connected  with 
that  system  are  not  so  firmly  attached  to  it  that  they  would  be  unwilling  to  adopt  any 
good  uniform  system  of  signals  that  the  conference  might  decide  upon.  There  was  an- 
other point  in  connection  with  the  topic  under  discussion  which  he  would  like  to  refer 
to,  and  that  was  a  rule  of  the  Western  Union  Telegraph  Company  not  to  give  to  any  per- 
son, except  the  one  addressed,  the  contents  of  any  message  sent  over  their  lines.  He 
thought  that  by  joint  action  of  the  conference  and  the  Signal  Service  this  rule  might  be 
modified  as  far  as  related  to  these  weather  telegrams. 

Mr.  Mell  explained  how  the  railroad  telegraph  operatora  signaled  to  attract  the  at- 
tention of  the  operators  along  the  lines,  after  the  manner  of  the  time  signals,  and  then 
began  sending  the  weather  signals. 

Mr.  Thomas  said  that  the  train-dispatchers  of  the  several  roads  in  Ohio  sent  out  the 
predictions  in  the  morning,  and  sometimes  used  the  figure  3  to  call  the  attention  of  the 
operators. 

The  chairman  (Professor  Mendenhall)  questioned  whether  the  conference  was  ready 
for  action  on  the  question  under  consideration.  The  matter  of  the  display  of  signals  was 
one  of  great  importance.  He  explained  that  when  the  Ohio  system  was  first  originated 
it  was  not  intended  to  be  a  universal  system.  The  question  of  form,  of  color,  and  of  posi- 
tion were  all  to  be  considered,  and  the  most  desirable  should  be  selected.  The  emblems, 
sun,  moon,  and  star,  were  designated  primarily  for  use  on  the  sides  of  cars,  and  not  for 
hanging  flags.  Various  forms  of  flags,  consisting  of  solid  colors,  were  experimented 
with  at  the  time  of  the  conception  of  the  Ohio  system,  and  the  result  was  the  adoption 
of  the  sun,  moon,  and  star.  Professor  Mell's  signals  involve  position,  and  there  is  great 
difficulty  in  this  element.  Referring  to  the  drum  signals,  he  said  that  they  had  form 
and  position  both,  and  thought  they  possessed  many  advantages  over  the  flag  system. 
One  difficulty  with  the  flag  system  was  that  they  could  not  be  seen  in  a  great  plain. 
He  saw  only  one  reason  for  immediate  action  on  this  question,  and  that  was  that  by  and 
by  we  shall  have  great  difficulty  in  making  any  change  in  the  system  after  thousands  of 
the  present  signals  have  been  scattered  over  the  country.  He  did  not  think  the  confer- 
ence was  ready  to  vote  the  adoption  or  make  a  recommendation  of  any  particular  system 
of  weather  signals,  and  suggested  that  it  would  be  more  advisable  to  appoint  a  commit- 
tee of  members  of  this  conference  to  consider  the  different  systems  of  signals  in  use  and 
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to  accept  suggestions  in  the  matter  daring  the  next  six  months;  and  after  careftilly  con- 
sidering the  whole  matter,  the  committee  conld  make  its  lepOTt, 

Mr.  Davis  objected  to  a  long  postponement.  The  chances  were  that  the  State  of  Mas* 
sachnsetts  woaldtake  npthe  system  of  weather  signalSyand  that  by  the  early  sammer,  if 
at  all,  and  if  such  action  was  taken  by  the  State  his  service  would  have  to  use  the  tja- 
tem  that  is  now  in  use  or  one  that  might  not  meet  with  approvid. 

Mr.  Upton  said  that  the  action  that  he  was  about  to  suggest  was  that  a  committee  be 
appointed  to  consider  the  question,  and  that  it  be  directed  to  report  progress,  at  leasl^ 
to-morrow. 

Mr.  Fuertes  stated  that  he  had  no  &vorite  system.  Described  a  system  in  use  la  New 
York  by  means  of  a  mast,  provided  with  yard-arms,  fh>m  which  the  signals  are  indicated 
by  combinations  of  balls. 

Mr.  Thomas  moved  that  a  committee  of  five  be  appointed  to  consider  the  question  of  a 
uniform  system  of  weather  signals  and  to  receive  suggestions  in  this  connection,  and  to 
report  progress  to  this  conference  to-morrow  afternoon. 

The  motion  was  adopted,  and  the  chair  appointed  Professors  Davis,  Thomas,  and  Meill, 
and  Lieutenants  Dunwoody  and  Woodruff  as  the  committee. 

The  conference  then  adjourned  until  Thnisday  morning  at  10  o'clock. 

National  Museum,  Washingtok,  D.  C, 

Tkwrsdaif,  February  25,  1886. 

The  conference  was  called  to  order  by  the  chairman  (Professor  Mendenhall)  at  10 
oV.lock  a.  m. 

The  discussion  of  the  third  topic:  '*  Location  of  instruments,  especially  of  rain-gauges,'' 
was  resumed  as  unfinished  business. 

Mr.  Mell  ofiered  the  following  motion  as  the  opinion  of  the  conference  regarding  the 
exposure  of  rain-gauges. 

That  the  collecting  edge  of  the  rain-gauges  shall  beexix»ed  as  nearly  as  practicable 
about  12  inches  above  the  surface  of  the  ground,  to  be  in  open  ground  if  possible,  and 
not  nearer  any  object  than  twice  the  hei^t  of  that  ol^ect. 

Mr.  Gillin^bam,  Vii^ginia,  inquired  what  the  advantage  was  in  having  the  gange  so 
near  the  ground.  He  thought  the  rain-gauge  should  be  protected  from  the  interference 
of  children,  stock,  &c.,  and  that  this  protection  could  not  be  had  if  the  gange  were 
placed  on  liie  ground.  He  thought  the  gauge  ought  to  be  elevated  in  order  to  be  out 
of  harm's  way.  His  gauge  was  exposed  about  6  feet  above  the  ground  on  a  post,  in  an 
open  space. 

Mr.  Upton  explained  why  the  New  England  service  had  adopted  the  ground  exposnre. 
They  had  done  it  for  two  reasons.  They  desired,  first,  to  get  the  rain  that  actually  fidls 
on  tiie  ground,  and  they  only  wanted  to  place  the  top  of  the  gange  high  enough  to  es- 
cape spattering.  Others  had  dug  into  the  ground  and  placed  the  gauge  with  the  top  of 
the  instrument  protected  by  a  ditch  to  protect  it  from  spattering.  The  other  reason 
was  that  in  locating  the  instrument  on.  the  ground  they  accorded  with  the  plan  used  in 
England.  There  are  4,000  gauges  in  use  there,  and  the  rule  there  is  very  rigid.  Lieu- 
tenant Dunwoody  said  that  the  Signal  Service  exposed  many  of  its  gauges  on  the  roof, 
not  because  it  had  been  determined  that  roof-exposure  was  the  best,  but  because  the 
Service  had  practical  duties  which  required  its  observers  to  be  located  in  commercial 
centers,  and  for  that  reason  it  was  usually  unable  to  have  the  rain-gauges  exposed  on 
the  ground.  The  observers  are  necessarily  compelled  to  make  their  obserTations  at  the 
station  offices  that  they  may  be  promptly  telegraphed  to  the  central  office,  so  that  it  is 
not  always  possible  for  the  Service  to  select  a  point  for  the  exposure  of  its  rain-gauice  on 
the  ground.  They  may  at  some  time  be  able  to  secure  reports  from  observers  outside  of 
cities,  and  these  would  be  preferable  to  those  taken  in  the  centers  of  cities.  These  re- 
marks were  made  that  the  conference  might  understand  that  although  the  Signal  Sex^ 
vice  rain-gauges  were  exposed  upon  the  roof,  yet  it  was  not  to  be  considered  that  the 
service  preferred  this  exposure. 

Mr.  Rotch  suggested  that  a  great  objection  to  roof-exposure  of  rain-gauge  was  the  ac- 
tion of  the  wind  on  the  rain.  Experiments  had  shown  that  there  was  decrease  of  rain- 
fall nearly  two'thirds  at  a  distance  of  60  feet  above  the  ground.  He  did  not  know 
whether  that  difference  was  attributable  to  the  wind  or  not. 

Mr.  Mell  said  one  reason  for  locating  the  gauge  one  foot  above  the  ground  was  the  fact 
that  the  New  England  service  had  tried  this  plan  in  a  general  way  and  had  arrived  at 
very  satisfactory  results.  The  New  England  service  hs^  recommended  this  matter  to 
the  diffisrent  services.  It  has  been  adopted  there,  and  there  is  no  other  regular  method 
in  the  country.  It  would  be  easier  to  have  the  different  sections  of  the  country  adopt  a 
system  that  has  proved  satis&ctory  than  to  have  these  gentlemen  in  New  England  adopt 
a  new  system.  He  had  not  recommended  any  particular  exposure,  because  he  had,  iu 
experimenting,  found  that  there  was  a  material  difference  between  the  two  positions. 
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He  had  not  reoommended  a  change  becanse  the  Signal  Service  was  using  a  different  loca- 
tion.  He  thought  it  would  be  preferable  to  adopt  the  height  of  1  foot  for  the  reasons 
stated. 

Mr.  McAdie  thought  there  should  be  a  fence  round  the  gauge  to  prevent  interference 
by  outsidets. 

The  chairman  thought  there  should  be  some  such  protection  to  the  rain-gauge.  There 
was  no  difDsrence  in  results  between  rain-gauges  exposed  6  feet  and  1  foot  above  the 
gioond. 

Mr.  Mell's  motion,  modified  to  read  as  follows,  was  adopted: 

That  the  conference  recommends  that  whenever  practicable,  rain-^nges  be  placed 
with  the  collecting  edge  one  foot  above  the  ground  and  that  it  stand  at  least  as  &r  fiom 
adjacent  objects,  such  as  trees,  buildings,  &c.,  as  twice  the  height  of  these  objects;  and' 
that  the  conference  disapproved  of  roof-exposures. 

The  form  of  rain-gauge  to  be  used  by  the  several  services  was  next  considered. 

Mr.  Mell  thought  the  conference  might  adopt  the  gauge  that  is  now  in  use  by  the  Sig- 
nal Service,  and  change  it  to  some  extent  to  adapt  it  to  their  purposes.  He  did  not  like 
the  edge  at  the  mouth  of  that  gauge,  and  thought  some  error  might  be  avoided  by 
changing  it  somewhat;  he  would  flare  the  edge  out. 

The  chair  stated  that  the  present  gauge  does  not  have  the  beaded  edge.  A  new  form 
of  gauge  has  been  adopted,  and  it  is  entirely  free  from  that  objection. 

Mr.  Thomas  said  that  the  Ohio  weather  service  is  using  the  Signal  Service  gauges,  and 
made  the  following  motion  : 

That  the  form  of  rain-gauge  now  made  by  the  Signal  Service  and  in  use  by  the  Ohio 
State  weather  service  be  adopted  as  the  standard  rain-gauge,  and  that  the  several  State 
weather  services  be  asked  to  adopt  this  gauge  as  fiir  as  practicable. 

Mr.  Mell  would  like  to  have  a  gauge  with  a  sharp,  well-defined  edge. 

Mr.  Upton  said  there  was  a  slight  di£ference  between  the  gauges  used  in  the  New  Eng- 
land service  and  those  used  by  the  Signal  Service.  Some  of  the  gauges  have  the  tube 
entirely  separated  from  the  gauge.  Certain  observers  like  to  take  the  gauge  into  the 
house  and  pour  the  water  into  the  measuring  tube. 

Mr.  Redding  stated  that  he  had  difficulty  in  sending  his  rain-gauges  through  the  mail 
to  his  stations  on  account  of  the  edges  beinjg  broken. 

The  Chair  stated  that  the  Signal  Service  gauge  was  made  by  contract  with  the  lowest 
bidder,  and  the  cost  had  varied  from  $3.40  apiece  for  the  first  100  gauges  to  $3.'30  for  the 
last  lot  made.  If  the  conference  decided  to  recommend  this  gauge,  they  could  probably 
be  obtained  here  in  Washington  by  the  Signal  Service  cheaper  thiui  they  could  be  bought 
by  individuals.  The  gauge  now  used  was  the  result  of  long  investigation  by  the  officers 
of  the  Signal  Service. 

Mr.  Upton  thought  the  conference  would  be  safe  in  adopting  the  result  of  this  inves- 
tigation. The  Signal  Service  gauge  accorded  with  simili^  experiments  made  in  other 
places. 

Lieutenant  Woodruff  said  the  new  Signal  Service  gauge  was  made  as  far  as  possible 
according  to  a  standard,  and  the  old  gauges  on  hand  were  altered  to  agree  with  the 
standard.  It  was  concluded  l^t  if  those  bodies  which  wished  to  make  observations 
could  approach  as  nearly  as  possible  to  the  standard  in  some  cheaper  material  as  far  as 
possible,  the  Signal  Service  would  replace  the  old  gauge  with  a  proper  standard  gauge 
or  the  nearest  approach  to  that  standard. 

Mr.  Upton  inquired  whether  the  Signal  Service  would  sell  the  smaller  gauge  (3  inch) 
which  was  on  the  list  for  |1.50? 

The  Chair  stated  that  he  thought  not. 

Lieutenant  Dun  woody  said  a  smaller  gauge  was  made  for  sending  by  mail  to  meet  the 
demands  of  the  Post-Office  Department. 

The  object  of  this  standard  was  to  secure  a  gauge  that  would  give  good  results.  In 
making  experiments  with  these  gauges  at  Fort  Myer,  for  the  purpose  of  securinga  stand- 
ard, it  was  found  that  there  was  but  very  little  difference  in  results  between  tiie  smaller 
and  larger  gauges.  The  smaller  gauge  caught  more  water,  but  very  slightly,  not  more 
than  one  or  two  per  cent.  This  increase  of  rainfall  as  shown  by  tiie  small  gauge  was 
attributed  to  the  fact  that  the  rim  of  the  small  gauge  was  sharp,  and  the  rim  of  the  laxger 
one  was  turned.  A  gauge  should  be  made  with  the  rim  of  the  funnel  sufficiently  rigid 
to  prevent  jamming  and  to  secure  a  uniformly  circular  opening  at  the  top. 

Mr.  Thomas's  motion,  modified  to  read  as  follows,  was  adopted: 

That  the  Signal  Service  rain-gauge  be  accepted  as  a  standard,  and  all  State  weather 
services  be  recommended  to  approximate  it  as  nearly  as  possible. 

A  member  inquired  as  to  the  proper  time  of  reading  rain-gauge,  whether  at  fixed  hours 
during  a  storm  or  at  the  end  of  the  rain. 

Mr.  Russell  said  7  a.  m.,  3  p.  m.,  and  11  p.  m.,  were  the  hours  in  the  Signal  Service, 
irrespective  of  the  duration  of  the  storm. 
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Mr.  Upton  said  it  was  the  custom  in  the  New  England  BerTioefortheobserrentoread 
their  gauges  after  the  storm  has  ceased,  and  to  look  at  it  in  the  morning;  or  if  they 
wished  to  read  it  at  stated  hours  they  could  do  so. 

The  conference  then  proceeded  to  consider  the  fifth  topic,  "  Scale  for  estimating  wind 
velocities." 

Mr.  Fuertes  thought  the  conference  should  adopt  the  decimal  scale  for  estimating  wind 
velocities. 

Mr.  Haasen  said  the  decimal  scale  for  estimating  wind  velocity  asfiurasit  was  concerned 
was  good  enough,  but  it  would  be  much  better  to  use  half  the  Beaufort  scale  of  0  to  12, 
as  recommendMl  by  some.  With  a  scale  of  0  to  6  he  thought  there  would  be  no  difficulty 
in  estimating  wind  velocity.  He  explained  that  force  1  would  just  move  the  leaves  of 
trees;  force  2  weuld  move  small  branches;  force  3,  larger  branches  of  trees,  &c. 

Mr.  Davis  said  that  in  regard  to  the  use  of  a  long  sohle,  that  is,  a  scale  of  more  than 
5  or  6,  he  was  in  favor  of  the  smaller  scale  for  voluntary  observers. 

Mr.  Houston,  of  Indiana,  urged  his  observers  to  be  veiy  careful  in  estimating  and  re- 
porting velocities  of  wind.  One  ot  his  observers  had  sent  in  a  record  of  60  miles  per 
hour  on  one  occasion,  which  was  very  much  more  than  the  actual  velocity  at  the  time. 
He  did  not  know,  however,  whether  this  was  the  fkult  of  the  long  scale  or  not. 

Mr.  Mell  stated  that  what  is  needed  is  something  that  ordinary  observers  will  under- 
stand.   He  had  found  the  same  difficulty  with  his  observers  that  Mr.  Houston  referred  to. 

Lieutenant  Dunwoody  said  that  it  seemed  to  him  that  the  object  of  estimating  these 
wind  velocities  could  be  attained  by  using  the  ordinaiy  terms  in  the  Signal  Service  re- 
I)orts,  for  instance,  in  Instructions  to  Voluntary  Observers  the  scale  given  for  the  use  of 
those  who  do  not  have  an  anemometer  with  which  to  measure  the  wind,  the  scale  is  in- 
dicated by  the  words,  "calm,"  "light,"  "gentle,"  "IteBh,"  "gale,"  Ac  Hecouldnot 
see  why  ^ese  instructions  could  not  be  used  on  the  blanks  furnished.  Instead  of  con- 
verting the  terms  *'calm,"  "light,"  &c.,  to  figures,  why  cannot  you  write  on  the  bhuiks 
these  terms,  and  let  the  observer  use  his  judgment^  and  we  would  know  at  once  what 
the  measured  velocity  was. 

Mr.  Hoteh  believed  that  uniformity  could  be  secured  by  the  use  of  pressure  plates. 
They  could  be  made  at  little  cost. 

Mr.  Hazen  said  that  in  recommending  a  new  scale  to  be  adopted  by  voluntary  observ- 
ers it  is  not  necessary  to  use  the  figures,  but  the  words  could  be  used  as  suggested  by 
Lieutenant  Dunwoody,  and  ofilered  the  following  motion : 

That  the  conference  adopt  the  scale  of  0  to  6  for  measuring  wind  velocities,  in  place 
of  the  present  scale  of  0  to  10. 

The  motion  was  seconded. 

Mr.  Fuertes  moved  to  amend  by  making  the  scale  0  to  5.  , 

Mr.  Davis  inquired  whether  Signal  Service  instructions  would  be  modified  in  case  a 
change  was  made  by  the  conference  in  the  scale.  He  preferred  to  take  no  action  that 
would  differ  from  those  instructions. 

Mr.  Mell  thought  it  would  be  bettor  to  leave  it  to  the  committee  to  confer  vrith  the 
Signal  Service  authorities. 

Mr.  Thomas  said  tha  discussion  had  developed  the  &ct  that  there  was  no  uniformity 
of  opinion  in  this  matter,  and  thought  some  simple  expedient,  as  suggested  by  Mr.  Kotch, 
might  be  used.  It  would  be  better  to  defer  the  whole  question  until  another  meeting 
of  the  conference,  and  moved  to  lay  Mr.  Hazen^s  motion  on  the  teble. 

The  motion  to  lay  the  motion  of  Mr.  Hazen  on  the  toble  was  adopted. 

The  conference  then  reached  the  sixth  topic,  *  *  The  possibility  of  term-day  observations, 
as  suggested  in  the  American  Meteorological  Journal,  page  155,  1884." 

Lieutenant  Dunwoody  moved  that  the  Committee  on  Forms  be  directed  to  make  ite 
>  report,  and  that  no  discussion  of  the  report  be  had  until  the  afternoon  session. 

Lieutenant  Dunwoody's  motion  was  agreed  to,  and  Mr.  Upton  read  the  report  of  the 
Committee  on  Forms. 

Mr.  Houston  moved  that  the  Committee  on  Signals  be  directed  to  make  its  report  of 
progress,  and  that  the  discussion  of  same  be  deferred  until  the  afternoon. 

Mr.  Houston's  motion  was  adopted,  and  the  report  of  progress  of  the  Committee  on 
Signals  was  read  by  Lieutenant  Woodruff. 

The  conference  then  adjourned  until  1.30  p.  m.,  same  day. 

AFTERNOON  SESSION,   FEBBUABY  25,  1886. 

The  conference  met  at  1.30  p.  m.,  pursuant  to  adjournment.  Professor  Mendenhall 
in  the  chair. 

The  chairman  stated  that  the  next  business  in  order  was  the  consideration  of  the  sixth 
topic,  "The  possibilities  of  term-days  as  suggested  by  the  American  Meteorological 
Journal, ' '  which  had  been  temporarily  laid  over  at  the  morning  session.    The  chair  sag- 
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gesfced  that  the  secretary  was  able  to  state  the  sense  of  this  proposition,  and  he  thought 
it  advisable  for  him  to  do  so,  that  the  conference  might  understand  the  meaning  of  the 
suggestion. 

Mr.  Davis  said  the  qnestion  involved  the  addition  of  something  to  the  work  of  the 
services.  He  explained  that  the  deficiency  of  observations  on  local  storms  which  made 
the  determination  of  their  action  donbtfiil,  might  be  remedied  by  appointing  spedal 
days  on  which  hourly  or  tri-hourly  observations  Sionld  be  ti^en,  with  additional  records 
at  still  more  frequent  intervals  when  any  change  in  the  atmosphere  required  it.  These 
special  days  might  be  on  certain  prearranged  dates,  *' term-days,"  when  the  records 
would  gather  up  everything  that  happened  to  come  along  in  the  passage  of  the  weather; 
but  they  would  better  serve  the  purpose  if  they  were  specially  appointed  by  the  Chief 
Signal  Officer  only  a  day  or  two  before  their  date.  For  iiutance,  in  the  event  of  tornadoes 
it  would  be  well  to  have  observations  during  the  storms  at  other  places  where  they  are 
not  possible.  The  plan  could  be  published  in  advance  by  circulars  and  newspaper  para- 
graphs, and  then,  if  while  a  cyclone  was  still  beyond  the  Rocky  Mountains,  the  day  of 
its  arrival  over  the  upper  lakes  oould  be  foretold,  and  there  might  be  thirty  to  sixty 
hours'  telegraphic  notice  given  by  the  appointment  of  such  a  day  lor  special  observationa 
over  the  whole  region  east  of  the  Mississippi  River.  It  might  be  possible  to  have  the  dis- 
cussion of  the  results  of  these  observations  carried  on  by  the  local  services,  and  have  a  tab- 
ulated statement  sent  on  to  the  central  office  for  investigation  and  study.  He  thought 
the  accumulation  of  simple  matters  of  fact  as  to  the  general  condition  of  the  weather 
over  a  large  area  by  many  observers  had  at  a  time  when  somewhere  in  that  area  more  or 
less  meteorological  disturbances  would  take  place,  would  prove  of  interest 

Mr.  Upton  believed  that  Mr.  Davis  had  suggested  a  very  important  subject  for  inves- 
tigation. The  question  comes  up,  what  can  we  do  as  a  conference  in  the  matter  of  tak- 
ing it  up.  If  the  general  weather  service  wished  to  engage  in  this  investigation,  let  the 
Chief  Signal  Officer  make  arrangements  to  inform  the  different  services  of  these  dif- 
ferent term-days.  It  was  to  be  l^ped  that  the  chie&  of  the  various  services  in  different 
jfuirts  of  the  country  would  take  sufficient  interest  in  the  subject  to  make  the  observa- 
tions.   He  thought,  however,  as  a  conference  they  oould  not  act  upon  it 

The  chair  thought  the  conference  might  go  so  &r  as  to  request  the  Chief  Signal  Officer 
to  furnish  necessary  information  and  plans  to  the  directors  of  the  weather  services,  when 
desired  so  to  do.    The  conference  might  officially  recognize  the  question  to  that  extent 

Mr.  Davis  said  that  so  far  as  the  work  was  concerned  in  New  England,  he  would  be 
very  glad  if  the  conference  would  aid  them  to  that  extent  It  is  a  question  rather  dif- 
ferent ih)m  the  others  to  be  considered  by  the  conference,  and  his  chief  desire  was  to 
suggest  to  the  services  here  represented  the  consideration  of  this  style  of  study,  and  he 
would  like  to  have  the  support  of  the  conference  in  getting  ttom  the  Chief  Signal  Officer 
notification  of  the  term-days,  say  on  the  day  previous. 

Professor  Abbe  said  the  object  sought  to  be  accomplished  was  a  very  desirable  one. 
The  notification  of  the  term-day  by  the  Chief  Signal  Officer  could  be  published  in  the 
public  press.  There  could  be  little  objection  to  that  It  is  not  worth  while  to  send  a 
telegram  unless  the  service  is  ready  to  make  the  observation. 

Lieutenant  Dunwoody  stated  that  notification  by  telegraph  could  be  readily  given  by 
the  Chief  Signal  Officer  to  the  chiefs  of  the  different  State  services  for  special  observation. 
The  notification  for  term-days  could  be  added  to  the  ordinary  dispatchescontaining  the 
indications  which  are  now  sent  The  prelimhiary  arrangements  might  be  made  by  the 
conference.  The  observeis  could  be  notified  by  postal-csSd  from  the  State  centers.  The 
warning  might  be  given  two  days  in  advance,  and  it  could  reach  the  observers  within 
twenty-four  hours,  so  that  the  plan  might  be  b^^n  wiUi  the  simple  expense  of  telegraph- 
ing to  the  chiefs.  For  instance,  a  storm  ndght  be  approaching  from  the  extreme  Rocky 
Mountain  region;  the  Signal  Office  could  notify  Mr.  Davis  in  New  England  that  two 
days  from  that  date  it  would  be  desirable  to  make  these  observations.  It  could  be  in- 
dicated in  a  single  telegram  to  Mr.  Davis  that  the  weather  conditions  seem  to  indicate 
that  within  two  days  a  storm  would  reach  New  England. 

Mr.  Davis  thought  the  plan  oould  be  inaugurated  witiiout  definite  action  by  the  con- 
ference. 

The  chair  said  if  there  was  no  further  desire  to  discuss  the  subject,  and  if  there  was 
no  objection,  he  would  consider  the  discussion  of  the  subject  closed  without  action. 

The  conference  then  considered  the  seventh  topic,  **  Increase  of  thunder-storm  ob- 
servations." 

lieutenant  Dunwoody  said  he  would  like  to  suggest  the  consideration  of  a  subject,  which 
seemed  to  him  very  important,  and  that  is  the  form  of  State  weather-service  organization. 
There  was  a  want  of  harmony  in  tfie  lorm  of  organization.  A  year  ago  an  effort  was 
made  to  have  the  different  State  legislatures  organize  these  services  by  a  legislative  act, 
but  there  was  a  great  diversity  of  plans  suggested,  and  almost  all  of  them  differed  fh>m 
eadi  other.    Some  were  in  such  form  as  to  be  generally  commended,  while  others  were 
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at  once  condemDed  by  others  who  opposed  the  system.  He  thought  if  a  general  phin 
of  organization  could  be  formulated,  it  would  be  of  advantage  to  the  services  by  secur- 
ing co-operation  or  an  extension  of  the  services  to  the  several  States.  What  is  wanted 
is  an  increase  in  the  number  of  services.  Anything  that  would  secure  an  increase  of 
these  services  is  for  the  benelit  of  the  country  at  laige  and  the  Signal  Service. 

The  Chair  asked  Lieutenant  Don  woody  to  write  out  his  plan,  and  stated  that  the  sub- 
ject before  the  conference  was  the  seventh  topic:  **  Increase  of  Thunder-storms  Observa- 
tions." 

Mr.  Hazen  said  he  had  spent  much  time  in  the  last  two  years  in  tbestudy  of  thunder- 
storms, and  his  experience  had  developed  certain  principles  that  it  might  be  well  to  pre- 
sent to  the  conference:  First,  too  much  ground  should  not  be  covered.  This  had  been 
his  experience.  It  is  necessary  to  have  a  large  number  of  observations  over  a  small 
field,  and  to  study  there  before  we  go  over  a  larger  field.  He  thought  it  very  important 
that  the  State  services  take  up  the  matter  for  themselves.  The  stations  of  observations 
should  not  be  more  than  4  miles  apart  to  give  the  best  results.  Another  point  is  the 
observation  of  rainfall  and  electricity.  Another  line  of  investigation  has  been  proposed 
during  the  present  year,  and  that  is,  when  a  storm  of  great  violence  occurs,  special  re- 
quests be  sent  out  for  reports.  The  concentration  of  this  work  in  difierent  parts  of  the 
country  is  the  most  important  thing  at  the  present  time.  The  present  form  of  report 
is  very  simple,  and  school  children  could  make  the  observations  if  necessary. 

Mr.  Davis  thought  the  question  was  in  the  same  attitude  as  the  previous  one.  It 
belongs  to  those  services  who  desire  to  take  it  up.  In  regard  to  the  style  of  the  work, 
there  were  one  or  two- points  he  would  like  to  add  to  what  Mr.  Hazen  had  said.  In- 
stead of  having  a  uniform  plan  of  record,  he  thought  that  the  work  asked  for  should  be 
graded.  In  that  way  they  should  be  able  to  gaUier  in  something.  They  should  not 
restrict  the  observations  from  those  persons  who  could  do  a  great  deal  more.  There 
should  be  a  series  of  forms  for  the  purpose  of  gathering  the  reports.  He  thought  the 
omission  of  the  temperature  records  left  out  a  very  important  element  in  the  thunder- 
storm. There  is  a  lack  of  cohesion  in  the  observations.  The  direction  of  the  wind  is 
ta  be  taken  at  some  time,  bat  just  when  is  not  stated.  He  would  have  two  classes  ot 
observers,  called  respectively  class  A  and  class  B.  One  daas  would  make  observations 
every  half  hour  daring  the  storm,  when  all  the  elements  should  be  observed.  The  other 
class  could  take  notes  of  beginning  and  ending  of  thunder,  Ac  In  that  way  oon^te 
the  observations  and  in  that  way  they  could  secare  material  for  making  synchronous 
maps  of  thunder-storms,  similar  to  tiioae  made  out  by  the  Signal  Service  for  larger 
storms.  The  work  would  be  considerable,  but  if  the  State  desired  to  undertake  it,  tiie 
observations  might  be  taken,  discussed,  and  studied,  an  d  then  turned  over  to  the  Signal 
Office.  There  would  be  two  kinds  of  cards  used  in  this  plan,  one  for  thunder  data;  the 
other  for  rain  and  wind.  Mr.  Davis  explained  by  illustration  on  the  black-board  his 
proposed  plan  of  making  thunder-storm  observations. 

The  Chair  stated  if  there  was  no  further  discussion  under  this  head  and  no  action 
suggested,  the  consideration  of  this  topic  wonld  be  closed. 

There  being  no  objection  it  was  so  ordered. 

The  Chair  stated  that  the  seventh  topic  was  the  lastof  the  questions  laid  down  for  con- 
sideration, but  that  several  subjects  had  been  handed  him  by  memben  of  the  conference 
for  discussion,  and  he  desired  to  know  the  wish  of  the  meeting  regarding  their  consider- 
ation at  this  time. 

Mr.  Houston  suggested  that  it  would  be  well  to  continue  the  discussion  of  the  reports 
of  the  committee  on  signals,  and  that  on  forms,  which  had  been  read  at  the  momhig  ses- 
sion. He  thought  the  questions  referred  to  by  the  Chair  would  cause  considerable  dis- 
cussion, and  he  thought  the  questions  of  signals  and  forms  very  important  and  thoj 
should  be  considered  first. 

The  Chair  stated  that  the  third  regular  topic,  *  *  Form  of  publication  of  results, "  which 
was  one  of  considerable  importance,  was  laid  over  for  consideration  in  order  that  the  re- 
port of  the  committee  on  forms  might  be  heard. 

Mr.  Davis  said  that  perhaps  the  difficulty  in  considering  the  matter  is  that  sufficient 
funds  are  not  in  the  hands  of  the  service  to  do  what  they  would  like.  In  many  observa- 
tions of  the  State  services  the  dates  of  reports  are  given,  but  not  the  hours.  It  would 
be  a  great  advantage  to  have  the  hours.  He  did  not  like  to  nu^ce  a  motion  that  the 
hours  of  making  the  reports  should  be  given. 

The  Chair  stated  that  some  one  should  make  the  motion  on  account  of  its  importance. 
An  arrangement  will  be  made  in  the  new  form  for  having  reports  of  times  of  q;MCsial 
meteorological  phenomena.  If  there  was  no  desire  to  take  any  action  with  regard  to 
the  third  topic,  a&nd  if  there  was  no  objection,  the  eonsideration  of  this  topic  would  be 
declared  closed. 

There  being  no  objection  it  was  so  ordered.  The  Chair  stated  that  the  report  of  the 
committee  on  signals  contained  certain  recommendaUons  which  should  be  acted  upon 
by  the  conference,  and  desired  to  know  whether  the  conference  was  ready  to  act  upon 
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them.  He  hoped  the  committee  would  be  continued,  and  thought  the  Chief  Signal  OHi- 
oer  would  be  glad  to  hnve  its  advice  in  this  matter.  It  should  be  continued  as  the  rep- 
resentative of  the  conference  in  this  work. 

Mr.  Upton  moved  that  the  recommendations  of  the  committee  on  signals  be  adopted. 

The  recommendations  of  the  committee  as  read  were -adopted. 

The  Chair  inquired  if  there  was  any  further  action  to  be  taken  with  regard  to  the  com- 
mittee on  signals. 

Mr.  Houston  moved  that  the  committee  on  weather  signals  be  continued  until  it  is 
dischaiged  by  the  conference. 

The  motion  was  adopted. 

Lieutenant  Dunwoody  suggested  that  some  means  should  be  taken  for  the  publication 
of  the  report  of  the  committee.  He  would  like  to  have  the  authority  of  the  conference, 
shoold  the  committee  determine  to  make  its  report  after  the  adyoumment,  to  include  the 
report  in  the  proceedings  of  the  conference. 

The  Chair  thought  a  motion  to  th^  effect  should  be  made. 

Mr.  Mell  inquired  to  whom  the  committee  was  to  report. 

Mr.  Thomas  thought  the  question  of  the  time  of  teport  of  the  committee's  report  was 
somewhat  mixed. 

The  Chair  suggested  that  if  another  meeting  of  the  conference  could  be  provided  for, 
the  committee  oonld  make  its  r^wrt  at  that  meeting. 

Mt.  Mell  moved  that  the  conference  resolve  itself  into  a  permanent  organization,  that 
the  work  of  the  organization  be  in  meteorology,  and  that  the  sessions  be  called  at  any 
time. 

The  Chair  ruled  this  motion  out  of  order,  another  question  being  before  the  conference. 

Mr.  Fuertes  moved  that  the  question  of  the  report  of  the  committee  on  weather  sig- 
nals be  laid  on  the  table,  and  the  subject  of  permanent  organization  of  the  conference  be 
taken  np. 

Mr.  Fuertes's  motion  was  agreed  to. 

Mr.  Mell  moved  that  the  conference  resolve  i^elf  into  a  permanent  organization,  for 
the  purpose  of  advancement  in  meteorological  knowledge. 

Mr.  Mell's  motion  wasadopted,  and  the  Chair  stated  that  it  had  been  decided  to  organ- 
ize the  conference  into  a  permanent  body. 

Mr.  Fuertes  moved  that  a  oomauttee  of  five  be  appointed,  of  which  the  present  chair- 
man of  this  conference  shall  be  chairman,  and  on  which  the  officers  of  the  Signal  Service 
shali  be  fully  represented,  to  consider  and  report,  at  some  future  time,  a  plan  of  perma- 
nent organization  of  the  conference. 

Mr.  Fnertes's  motion  was  adopted.    * 

The  chairman  inquired  how  the  committee  was  to  be  appointed. 

Mr.  Mell  suggested  by  the  Chur. 

The  Chair  said  that  he  would  rather  have  the  conference  name  the  members  of  the  com- 
mittee, and  deferred  the  appointment  for  the  time. 

The  conference  then  took  up  the  question  regarding  the  report  of  the  committee  on 
weather  signals,  which  had  been  laid  on  l^e  table. 

The  Chair  inquired  what  further  instruction  the  conference  desired  to  give  the  com- 
mittee on  the  subject  of  its  report  or  any  other  subject  connected  with  its  work. 

Mr.  Upton  thought  it  important  that  when  the  committee  had  agreed  upon  the  sig- 
nals, the  system  should  be  put  into  operation  without  delay.  The  committee  could  re- 
port to  the  Chief  Signal  Officer,  and  the  Signal  Office  could  inform  the  chiefs  of  the  va- 
rious State  services  of  the  results. 

Atr.  Davis  believed  that  the  plan  suggested  by  Mr.  Upton  would  accomplish  the  end 
desired.    It  would  not  do  to  wait  until  the  next  meeting. 

Mr.  Thomas  said  that  it  seemed  to  him  that  the  matter  of  weather  signals  would  be 
in  the  fhture  a  yery  important  one,  and  it  was  a  question  which  should  not  be  decided 
upon  finally  wiliiout  a  fUl  and  free  discussion  upon  the  part  of  those  concerned.  For 
that  reason  he  felt  loath  to  propose  as  final  action  the  conclusions  of  the  committee 
unleB  they  were  reaehed  after  a  meeting  of  the  committee  and  not  by  simple  corre- 
spondence. In  view  of  the  importance  of  the  subject,  he  felt  that  it  would  be  quite 
desirable  that  there  should  be  a  full  meeting  of  the  association  on  that  one  topic,  and  the 
meeting  could  be  arranged  for  at  the  close  of  the  spring  work,  say  in  June.  There  were 
other  services,  not  represented  at  the  meetinii:,  who  might  come  at  a  second  meeting. 

Mr.  Mell  thought  a  satisfactory  result  could  be  reached  by  taking  the  various  signals 
and  making  experimental  tests.  He  thought  the  matter  had  resolved  itself  simply 
into  the  questions:  Which  signals  are  the  simplest;  which  are  the  cheapest;  which  can  be 
seen  with  most  distinctness,  and  understood  by  the  people,  and  that  was  all.  The  ques- 
tion which  this  committee  will  have  to  consider,  was  which  one  of  the  systems  of  signals 
was  the  best  That  action  could  be  accomplished  by  the  committee  within  a  few  weeks 
at  least,  and  there  was  no  necessity  for  deferring  action  until  a  later  session. 
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Mr.  DaTis  said  it  was  snggeaied  that  there  might  be  difficulty  on  accoant  of  certain 
■errioes  not  nnderstanding  what  the  report  of  the  committee  would  be.  One  of  the 
points  that  mnst  be  reached  was  the  agxcement  of  all  the  services  to  use  the  sigoala  to  be 
adopted.  He  moved  that  the  committee  be  instracted  to  report  to  the  C^ef  Signal 
Officer  when  they  have  agreed  apon  a  plan  of  signals,  and  this  plan  be  adopted  by  the 
conference. 

The  Chair  said  it  should  be  remembered  that  the  Chief  Signal  Officer  would  event- 
ually decide  this  question,  and  the  committee  oonld  be  an  advisory  one. 

Mr.  Upton  believed  that  the  committee  had  virtually  full  powem  already,  and  if  it  be 
requested  to  report  at  a  future  meeting  of  the  conference,  the  latter  would  accept  the 
report. 

Mr.  Houston  said  in  regard  to  the  convention  accepting  this  report  that  it  did  not  imply 
that  they  must  accept  the  system  of  signals  and  use  them  as  reported  upon  by  the  com- 
mittee.   Thinks  the  report  should  be  qualified  as  iar  as  practicable. 

The  Chair  said  the  committee  was  appointed  tcy»nsider  certain  reoommendataana  and 
make  a  report  of  the  result  to  the  Chief  Signal  Officer. 

Mr.  Davis  thought  that  meant  that  the  committee  had  full  powers.  It  meant  that 
the  conference  would  trust  the  committee  to  do  something  which  the  former  would  in- 
dorse. This  committee  was  to  co-operato  with  the  Chief  Signal  Officer  in  the  study  of 
this  question  and  when  it  has  reached  a  result  it  is  to  report  the  conclusions  to  the 
Chief  Signal  Officer.  As  he  understood  it,  the  action  of  the  conference  could  only  be 
amendatory. 

Mr.  Thomas  said  the  acceptance  of  this  report  embraced  one  action  which  the  confer- 
ence ought  to  take.  As  it  was,  he  thought  it  not  at  all  unlikely  that  a  system  of  signals 
which  might  be  used  by  the  Chief  Signal  Officer,  might  be  different  from  that  used  by 
the  different  State  weather  services  in  their  own  individual  display,  and  it  seemed  to 
him  very  desirable  that  there  should  be  uniformity  in  the  signals  throughout  the  coun- 
try. The  committee  should  make  its  report  as  simply  the  recommendation  of  the  com- 
mittee. 

Mr.  Davis  withdrew  his  first  motion,  and  offered  the  following  in  its  place  : 

That  the  committee  on  weather  signals  be  instructed  to  report  to  the  Chief  Signal 
Officer  the  results  of  its  investigations  and  the  recommendations  which  it  has  to  make. 

There  being  no  further  discussion,  the  motion  was  passed. 

The  Chair  stated  that  this  disposed  of  the  regular  order  of  business,  and  desired  to 
know  the  will  of  the  conference  regarding  certain  subjects  handed  him  by  members,  to 
which  he  before  referred. 

He  said  he  had  three  questions  on  hia  table  for  consideration.  Two  of  these  subjects 
related  to  the  State  weather  services.  One  was,  * '  What  is  the  best  form  of  oi^ganization 
for  State  weather  services  ?' '  and  the  other,  '  *  Consideration  of  the  rdation  of  voluntary 
observers  to  the  Signal  Service  and  to  the  State  weather  services  in  States  where  local 
services  are  established. ' ' 

Mr.  Upton  moved  that  the  conference  considerthe  general  question  of  the  best  form 
of  organization  for  State  weather  services. 

There  being  no  objection,  this  question  was  taken  up. 

Mr.  Davis  said  he  would  like  to  call  attention  to  the  difference  between  the  State 
services  and  the  New  England  Meteorological  Society.  The  Stete  services  as  a  rule  did 
not  intend  to  discuss  meteorological  matters  or  make  investigations  beyond  the  matters 
of  observation  and  tabulation.  The  New  Enghmd  association  had  a  constitution,  offi- 
cers, &c.,  and  a  staff  of  observers  scattered  over  the  State.  The  ol^ect  was  the  study  of 
atmospheric  phenomena  in  New  England.  It  welcomes  to  membership  all  persons  in- 
terested in  meteorology,  whether  they  took  observations  or  not  It  published  its  own 
bulletin  containing  its  records,  and  l^e  society  co-opeiated  with  the  Signal  Service  in 
publishing  its  results  and  predictions.  It  had  no  State  aid;  it  was  supported  by  the  fees 
of  its  membership  and  certain  funds  which  the  oiganization  had  been  fortunate  enough 
to  obtain.  The  oiganization  hoped  to  secure  State  recognition.  The  matter  of  investi- 
gation and  discussion  of  meteorological  data  should  be  considered  as  well  as  the  taking 
of  observations. 

With  regard  to  the  last  point  suggested  the  chairman  spoke  as  follows:  It  occurred  to 
him  that  there  might  be  difficulty  in  securing  State  appropriations  to  a  soeiety.  An 
appropriation  to  a  State  system  or  a  bureau  was  one  thing,  and  an  appropriation  to  a 
society  engaged  in  purely  scientific  work  was  another.  In  his  own  Stete  he  knew  that 
while  several  societies  labored  hard  to  procure  appropriations  from  the  legislature  they 
have  always  failed. 

Mr.  Davis  said  they  had  the  difficulty  of  having  to  meet  several  legislatures.  They 
have  had  boards  of  health  or  agriculture,  and  in  combining  with  those  boards,  by  the 
society  virtually  giving  its  work  to  the  Stete,  they  got  some  support  in  return. 

Lieutenant  Dunwoody  steted  that  he  had  had  some  experience  in  endeavoring  to  se- 
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cure  the  organization  of  State  weather  services,  and  several  hills  had  heen  presented  to 
various  legislattrres,  and  although  they  had  oonsiderahle  hope  when  they  presented  them, 
all  the  hills  failed.  The  State  legialatores  could  not  be  depended  upon  to  support 
these  services.  They  had  many  encouraging  reports  from  these  services  about  two  years 
ago,  but  their  hopes  were  blasted  by  the  want  of  appreciation  on  the  part  of  the  intelli- 
gent legislator.  They  had  made  light  of  it,  and  had  laughed  at  it,  and  they  did  not  aeeni 
to  appreciate  its  value.  He  had  worked  with  these  services  with  a  view  to  securing 
State  aid,  knowing  that  it  would  quadruple  the  value  of  the  Signal  Service  work  to  the 
oonntiy.  One  dollar  expended  in  telegraphing  to  these  services  would  be  worth  thousands 
of  dollars  to  the  States.  Send  these  Signal  Service  reports  out  to  cities  where  no  one 
is  to  take  charge  of  them,  and  nothing  will  be  done  in  the  way  of  distributing  them. 
He  hoped  to  get  more  favorable  action  from  the  legislatures  during  the  coming  year. 
In  the  mean  time  all  the  Signal  Service  could  do  to  aid  in  supporting  these  services  was 
to  furnish  the  franked  envelopes  and  blank  forms.  The  Si^ial  Service  had  supplied 
several  rain-^uges  to  certain  States,  to  Tennessee,  Ohio,  &o.  Professor  Mell  had  organ- 
ized his  service  without  any  material  State  aid,  and  the  Signal  Service  sends  him  the 
indications  by  telegraph,  and  he  had  received  the  co-operation  of  railroads  in  dissemi- 
nating the  information.  This  is  one  of  the  prime  obj  ects  of  the  Signal  Service.  It  is  an 
important  and  interesting  work.  They  were  accumulating  data  in  Washington,  and 
the  service  was  unable  to  give  the  results  to  the  people  for  want  of  facilities.  The 
Associated  Press  did  not  res^  certain  localities,  and  the  State  services  could  be  of  great 
use  in  this  respect,  and  he  hoped  they  would  be  able  to  increase  the  number  of  organiza- 
tions. The  plan  to  pay  the  observers,  as  was  done  by  Professor  Baker  in  Michigan, 
might  be  a  good  one.  The  organization  in  Iowa  is  very  similar  to  the  one  in  Ohio,  but  not 
so  well  supported.  He  was  sorry  that  a  representatiye  of  the  service  was  not  present 
This  service  had  a  good  mode  of  making  its  reports;  they  are  well  tabulated  and  dis- 
eased. 

Mr.  Houston  suggested  that  in  those  States  where  State  aid  could  not  be  obtained, 
they  might  get  aid  from  the  State  in  an  indirect  way.    It  had  been  done  in  Indiana. 

Mr.  Davis  said  they  had  gone  on  for  more  than  a  year  in  New  England  without  ask- 
ing State  aid,  but  they  now  propose  to  ask  for  funds  to  be  disbursed  through  the  agri- 
cultural societies  of  the  State. 

Mr.  Mell  said  that  in  Alabama  he  had  made  no  direct  appeal  to  the  legislature.  He 
bad  resorted  to  other  means.  The  State  Agricultural  and  Technological  College,  at 
Auburn,  with  whi<^  he  was  coxmected,  has  an  appropriation  from  the  General  Govern- 
ment; besides  that,  the  State  gOTemment  had  given  it  about  $30,000  for  the  purpose  of 
scientific  investigation.  He  prevailed  upon  the  board  of  trustees  to  give  him  a  sufficient 
amount  of  money  to  publish  his  monthly  bulletin.  Connected  with  the  college  was  a 
printing  establishment  worked  by  the  students,  and  he  put  these  boys  to  work  on  the 
bulletin,  and  the  form  of  bulletin,  cards,  &c.,  shown  was  the  result  of  the  students'  work. 
He  could  issue  all  the  bulletins  necessary  in  that  way.  Many  of  his  observers  wanted 
pay  for  the  work  they  were  doing.  Of  course,  they  could  not  do  this.  Ho  proposes  at 
the  next  session  of  the  legialati^re  to  make  a  forcible  appeal  for  recognition,  and  he  had 
some  reason  to  suppose  that  he  would  be  successful. 

Lieutenant  Dunwoody  stated  there  was  a  bill  before  Congress  to  appropriate  a  large 
sum  of  money  to  enable  the  Chief  Signal  Officer  to  distribute  the  weather  indications 
by  means  of  signals,  &o.  If  such  a  bill  as  that  became  a  law,  there  will  be  no  trouble 
about  the  State  weather  services,  because  the  Signal  Service  would  have  the  money  to 
spend,  say  $3, 000  in  each  State,  and  each  State  would  have  a  substantial  organization, 
and  probably  a  signal  man  to  asqist  in  collecting  and  discussing  their  data.  He  did  not 
know  of  an  appropriation  before  Congress  that  would  be  more  acceptable  to  the  people 
oftheoountry  ormorebenf^cial.  He,  however,  did  not  think  it  would  be  favorably 
considered.  A  bill  ha  d  been  introduced  by  Mr.  Cabell  for  a  large  amount  of  money  for 
the  purpose  of  enabling  the  Chief  Signal  Officer  to  telegraph  the  indications  to  the  post- 
offices,  &&,  throughout  the  counby.  If  there  is  any  opportunity  or  chance  for  success 
in  this  matter,  it  will  solve  the  question  of  State  weather  services,  and  there  would  be 
State  services  in  every  State  in  the  Union. 

Lieutenant  Woodruff  said,  in  reference  to  the  bill  spoken  of  by  Lieutenant  Dunwoody, 
that  as  it  was  a  measure  of  so  much  importance  to  the  interest  of  the  State  weather  ser- 
vices, and  to  the  people  of  the  State  themselves,  it  would  be  very  proper  for  the  represen- 
tatives of  the  State  services  present  to  see  what  they  could  do  to  enable  the  bill  to  be- 
come a  law,  that  is,  they  should  take  such  action  as  to  impress  upon  their  representatives 
in  Congress  the  necessity  for  the  passage  of  such  a  bill.  The  State  services  should  use 
their  influence  in  having  the  bill  passed.  There  is  no  doubt  but  that  the  money  would 
be  of  very  gr^t  assistance  in  the  direction  referred  to. 

The  chair  said  if  there  was  no  fhrther  discussion  upon  the  general  question  under  oon- 
sideration,  there  were  two  special  questions  yet  to  be  considered  to  which  he  had  al« 
xcady  referred. 
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There  being  no  objection,  discnssion  of  the  general  question  of  oiganization  of  State 
weather  seryices  was  dosed  without  action. 

The  chair  then  laid  before  the  conference  the  special  topic :  ''The  relation  of  volun- 
tary observers  to  the  Signal  Service  and  the  State  weather  service  in  States  where  local 
services  are  established. 

Mr.  Davis  stated  that  as  he  had  suggested  the  question  in  that  form  he  would  g^ve 
his  reasons.  It  seemed  to  him  there  was  a  necessity  for  the  voluntary  observers  to  con- 
tinue to  report  to  the  chiefs  of  the' local  services,  and  in  the  cases  of  new  voluntary  ob- 
servers it  was  an  aid  to  the  local  services,  and  they  should  be  officially  requested  to  re- 
port to  these  services,  because  the  services  are  just  so  &r  discredited  in  the  eyes  of  the 
local  observers.  The  conference  ought  to  take  some  such  action.  He  inquired  whether 
the  policy  of  the  Signal  Office  was  settled  in  that  respect,  and  if  so,  in  what  direction  was 
it  settled. 

Lieutenant  Dunwoody  said  with  regard  to  the  organization  of  the  State  services,  it 
was  originally  intended  to  transfer  the  voluntary  observers  to  the  State  services  as  soon 
as  they  were  properly  organized.  He  thought  it  was  very  well  to  carry  out  that  line  of 
action;  and  that  would  l^  the  polipy  of  the  Signal  Office.  But  as  there  were  a  number 
of  States  where  local  services  do  not  exist,  it  would  be  necessary  for  the  office  to  continue 
their  voluntary  observers  in  those  States. 

Mr.  Davis  said  if  such  was  the  case  the  conference  need  take  no  action  upon  the  sub- 
ject. His  society  would  like  to  be  recognized  as  the  local  authority  in  the  New  England 
States. 

There  being  no  further  discussion,  the  question  under  consideration  was  passed  over 
without  action. 

The  conference  then  considered  the  last  suggested  topic :  *'How  far  voluntary  ob- 
servers and  the  State  weather  services  should  make  separate  reports  to  the  Chief  Signal 
Officer  for  the  Monthly  Weather  Review,  and  how  &r  these  eJiould  be  made  by  the  chiefs 
of  the  services." 

Mr.  Upton  said  that  as  he  had  suggested  the  topic  it  would  be  well  for  him  to  state 
the  reason  for  bringing  it  up.  It  had  been  made  necessary  by  the  fiicts  brought  out  by 
the  last  question  discussed.  The  difficulty  in  New  England  was  that  some  observers 
reported  to  his  service  and  some  to  the  Chief  Signal  Officer,  and  there  was  a  third  class 
who  reported  to  another  body.  If  all  the  voluntary  observers  reported  to  the  chiefi  of 
the  local  services,  and  the  Chief  Signal  Officer  received  all  his  reports  from  the  local 
chie&,  the  difficulty  would  be  obviatea.  The  question  of  documents,  which  these  vol- 
untary observers  received  in  return  for  their  reports,  was  a  source  of  difficulty.  If  the 
documents  were  turned  over  to  the  chiefii  of  the  various  services  and  by  them  sent  out 
to  their  voluntary  observers,  that  would  do  away  with  this  difficulty.  If  these  observers 
reported  to  the  Chief  Signal  Officer  they  got  these  documents  free,  while  if  they  would 
report  to  the  local  chiefs  they  would  not  get  them,  because  the  chiefs  have  usually  not 
enough  to  go  around.  The  twenty-five  documents  received  by  the  New  England  service 
were  sent  to  those  observers  who  do  not  receive  them  from  the  Chief  Signal  Officer.  If 
the  transfer  of  these  documents  to  the  State  services  for  distribution  could  be  arranged 
the  plan  of  having  all  voluntary  observers  report  to  the  local  services  could  be  com- 
pleted. 

Lieutenant  Woodruflf  said  it  seemed  to  him  that  the  question  of  documents  was  a  little 
matter  of  detail  that  could  be  regulated  in  the  Signal  Office.  If  the  chie&  of  the  State 
services  sent  in  lists  of  their  observers  to  the  Chief  Signal  Officer  the  publications  could 
be  mailed  the  chiefs  from  the  Signal  Office.  If  the  plan  was  brought  to  the  attention 
of  the  Chief  Signal  Officer  he  would  certainly  agree  to  it. 

There  being  no  further  discussion,  the  president  declared  the  consideration  of  the  sub- 
ject closed  without  action. 

Mr.  Fnertes  inquired  if  there  were  any  means  provided  forpublishing  the  proceedings 
of  the  conference. 

The  chair  stated  that  it  was  the  intention  to  turn  over  the  report  of  the  prooeedings 
to  the  Chief  Signal  Officer  to  publish  aa  a  x)art  of  his  annual  report,  and  it  might  possi- 
bly be  printed  in  pamphlet  form. 

Mr.  Upton  said  undoubtedly  a  summary  of  the  proceedings  would  be  printed  in  the 
American  Meteorological  Journal. 

Mr.  Davis  asked  that  the  secretary  be  authorized  to  publish  in  certain  scientific  jour- 
nals an  abstract  of  the  proceedings  and  account  of  the  action  taken  by  the  conference 
on  certain  subjects. 

Mr.  Upton  moved  that  the  secretary  have  authority  to  publish  in  such  scientific  jour- 
nals he  chose  such  abstracts  of  the  proceedings  of  the  conference  as  he  thought  desirable 
or  suitable. 

The  motion  was  adopted. 
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The  chair  annotuxced  the  names  of  Professors  Mendenhall  and  Faertes,  Lieutenant 
Donwoody,  Professors  Upton  and  Payne  as  the  committee  on  the  permanent  organiza- 
tion of  the  conference.  The  chair  said  the  object  of  this  committee  implied  the  meet- 
ing of  the  conference  again,  and  it  had  been  suggested  that  when  the  adjournment  of  the 
present  session  took  place  it  be  to  meet  at  the  call  of  the  committee  on  permanent  or- 
ganization, and  if  there  was  no  objection  it  would  be  so  understood. 

There  was  no  objection,  and  it  was  so  ordered. 

The  chair  inquired  if  there  wa^  any  further  business  to  be  brought  before  the  confer- 
ence. The  chair  thought  it  was  right  that  the  thanks  of  the  conference  be  extended  to 
the  director  of  the  National  Huseum  for  his  courtesies  to  the  conference. 

The  following  motion  was  then  adopted: 

That  the  thanks  of  the  conference  be  extended  to  the  director  of  the  National  Museum, 
thibngb  the  chairman,  for  providing  a  place  of  meeting  for  the  conference. 

Lieutenant  Dunwoody  suggested  that  the  chair  invite  the  members  of  the  conference 
to  visit  the  Signal  Office  on  the  following  day. 

The  chair  stated  he  was  glad  to  have  an  opportunity  of  extending  the  invitation,  and 
hoped  that  the  members  of  the  conference  remaining  over  would  visit  the  office  of  the 
Chief  Signal  Officer  on  the  next  day. 

The  chair  felt  complimented  in  being  selected  to  preside  over  the  conference,  and  it 
had  been  a  pleasure  to  him  to  preside  over  their  deliberations.  It  had  been  a  very  profit- 
able session. 

Lieutenant  Woodruff  moved  that  the  thanks  of  the  conference  be  extended  to  the  chair- 
man and  secretary  for  the  efficient  manner  in  which  they  had  performed  their  duties. 

The  motion  was  adopted. 

The  conference  then  adjourned  to  meet  at  the  call  of  the  committee  on  permanent 
organization. 

•  Febbuaby  20,  1886. 

DsAB  SiB:  I  regret  to  be  compelled  to  state  that  it  will  be  impossible  forme  to  attend 
the  meeting  of  the  chiefs  of  the  State  weatber  services  and  of  meteorologists  called  by 
your  invitation  for  the  24th  and  25th  instants. 

My  interest  is  rather  in  climatology  than  in  meteorology  proper,  aud  I  am  hardly  pre- 
pared to  make  suggestions  or  discuss  the  questions  which  rdate  to  the  work  of  observing 
and  recording  phenomena  of  weather.  There  ia  an  important  suggestion  however  about 
the  proper  location  of  stations  which  I  venture  to  make,  and  it  may  be  one  of  the  sub- 
jects for  your  discussion,  since  the  end  of  meteorology  is  the  elucidation  of  the  factors 
of  climate. 

I  have  inclosed  a  short  communication  on  the  New  York  State  stations  and  their  geo- 
graphical position,  which  may  be  of  some  value  as  suggesting  our  needs. 
Tours,  respectfully, 

JOHN  C.  SMOCK. 

General  W.  B.  Hazen, 

Chief  Sigma  Officer,  U.  8.  A. 

THE  NEW  YOBK  WBATHEB  STATIONS. 

The  importance  of  geographical  positions  in  the  selection  of  meteorological  stations  is 
well  illustrated  in  New  York.  The  number  of  stations  from  which  reports  are  now  re- 
ceived by  the  Signal  Office,  the  War*  Department,  and  the  New  England  Meteorological 
Society  is  twenty-six.  If  that  number  of  stations  were  quadrupled  it  would  not  be  too 
large  for  so  diversified  a  surface  and  so  extensive  a  territory. 

A  station  for  each  450  square  miles  would  not  be  too  close. 

At  present  the  average  area  per  station  is  1,800  square  miles. 

But  the  irregular  distribution  makes  it  practically  a  much  larger  area. 

In  the  appended  table  these  26  stations  are  grouped  according  to  the  several  well  de- 
fined and  natural  subdivisions  of  the  State. 

There  are  10  such  divisions  or  diatricts,  and  they  have  stations  in  them  as  follows: 

First,  the  maritime  or  Atlantic  coast'district,  consisting  of  Long  Island,  Staten  Island, 
New  York,  and  parts  of  Rockland  and  Westchester  Counties;  has  now  six  stations. 

Four  of  them  are  within  5  miles  of  New  York  City  Hall;  and  Long  Island  (120  miles 
long)  has  one  station,  outside  of  Brooklyn. 

The  Hadson  Highlands,  consisting  of  an  elevated  belt  stretching  from  New  Jersey  to 
Connecticat,  nearly,  has  two  only,  neither  of  which  can  be  considered  as  being  in  zepre- 
sentative  locations. 

The  long  Hudson  Champlain  VaUey,  stietehing  north  to  Canada,  has  three,  or  if  Platfeii- 
bnig  be  indaded,  fi>ar  stations. 

8  sia 
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'  The  Catflkill  Plateaa,  which  rises  from  1,000  to  4,000  feet  aboTO  the  ooean  (a  meia 
of  at  least  2,000  feet)  and  which  may  be  said  to  incladetba  ooontry  aoathweBt  to  the 
PennsylTania  line,  and  west  into  the  Sosqnehanna  watenhedy  has  ono  station. 

In  the  Mohawk  Valley  there  are  none,  and  so  in  the  large  Adixondaek  region  there 
are  no  stations  which  report  observations. 

Plattsbnig  (if  not  assigned  to  the  Ohamplain  Valley)  becomes  the  solo  xepresentaUro 
for  the  Saint  Lawrence  valley  below  Lake  Ontario. 

In  the  Lake  Shore  belt  there  are  several  stations  of  the  Signal  Office  of  the  United  States, 
and  three  volontaiy  observers. 

This  district  may  be  said  to  be  the  best  cared  for  in  the  State.  In  what  has  been 
termed  the  "central  belt,*'  the  country  back  irom  the  lakes  and  extending  to  the  south- 
ern platean  counties,  there  are  three  stations. 

The  southern  counties  occupying  the  Pemu^lvania  border  and  elevated  1,000  to  2,000 
feet  above  tide  level,  have  four  stations. 

The  inadequacy  of  the  stations,  as  now  located  to  represent  the  districts,  has  been 
shown  in  that  there  are  two  districts  which  are  without  stations,  and  three  have  (prao- 
tiGftlly)  one  each  only. 

The  climate  of  our  mountainous  regions  is  neglected,  so  iar  as  observations  which  are 
now  being  taken  are  concerned.  In  view  of  this  deficiency  I  have  thought  that  possibly 
the  Signal  Office  might  be  desirous  of  knowing  of  it  and  might  consider  the  suggestioa 
of  making  some  efforts  to  solicit  the  assistance  of  other  voluntary  observers  in  addition 
to  those  now  on  its  list  in  States  where  no  State  weather  service  exists. 

The  inauguration  of  such  service  in  the  State  of  New  York  is  a  matter  of  considera- 
tion, and  to  be  hoped  for  speedily,  but  until  that  time  it  is  necessary  to  use  all  the  agen- 
cies at  hand;  and  these  ore  nearly  all  in  the  service  of  the  United  States  Signal  Office. 

K  that  office  can  afford  ns  any  further  or  more  material  help  in  the  establishment  of 
new  stations,  carefully  located,  it  will  do  a  good  work  iA  furthering  the  study  of  the  di- 
mate  of  tiie  State. 

Nois.— In  the  appended  tabular  statement  the  second  column  gives  the  names  of  the 
districts;  the  third,  the  list  of  stations;  the  fourth,  the  number  of  the  stations  per 
trict;  and  the  last  column  the  department  or  society  to  which  the  stations  report. 
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Pobt-Offics  Dkpartscemt, 
Officr  of  Assistant  Attornsy-Genebal, 

WaahinffUm,  D,  C,  March  17,  1886. 

Sm:  Thecomxnnnication  of  General  W.  B.  Hazen,  Chief  Signal  Officer.  United  States 
Aimy,  of  date  January  28,  ultimo,  was  thia  day  referred  to  me  with  directions  to  advise 
upon  the  questions  therein  presented  as  to  the  extent  of  the  right  to  use  the  penalty 
envelope  for  the  purposes  of  collecting  information  by  officers  of  the  Sigmd  Service. 

General  Hazen  says  that  the  Signal  Service  has  been  co-operating  with  a  number  of 
local  services  in  the  various  States.  These  services  are  the  agents  of  the  Signal  Service; 
they  are  voluntary  observers  of  the  Signal  Service  and  the  reports  are  collected  at  tiie 
State  centers  and  transmitted  to  the  office  of  tiie  service  at  the  War  Department. 

These  State  services,  as  I  understand,  are  under  the  charge  of  chie&,  who  organize 
corps  of  observers  in  the  several  portion  of  the  State;  the  latter  report  to  the  State  chiefi, 
who  compile  and  forward  their  reports  to  the  Signal  Office. 

The  use  of  the  official*  or  penalty  envelope  is  required  in  forwarding  as  well  as  in  the 
collection  of  these  reports.  From  the  information  thus  obtained  is  compiled  or  prepared 
a  summary  which  is  published  in  a  monthly  bulletin  by  authority  of  the  Secretary  of 
Wot.  The  question  presented  is  whether  this  use  to  the  extent  desired  is  authorized  liy 
law. 

The  State  agencies  and  the  corps  of  ''voluntary  observers"  cannot  be  said  to  be 
"officers  of  the  United  States  Government."  Though  they  render  valuable  service  in 
collecting  and  furnishing  information  of  a  public  and  official  character,  they  are  but 
unofficial  volunteers  with  none  of  the  liabilities  or  responsibilities  of  an  officer.  The  act 
of  July  5, 1884  (23  Stat.  158),  provides  "that  any  Department  or  officer  authorized  to 
use  the  penalty  envelopes  may  indoee  them  wit^  return  address  to  any  person  or  persons 
from  whom  official  information  is  desired,  the  same  to  be  used  only  to  cover  such  official 
information  and  indorsements  relating  thereto." 

This  provision  would  authorize  the  Chief  Signal  Officer  or  any  officer  of  his  corps 
charged  with  the  duty  of  collecting  such  information,  to  request  it  to  bel\Dimished  from 
a  private  citizen  or  person  not  an  officer  of  the  Government,  and  furnish  him  official 
envelopes  properly  addressed.  But  it  confers  no  authority  to  fhmish  these  penalty 
envelopes  with  no  return  address  thereon  to  local  agencies  or  officers  of  the  Govern- 
ment, to  be  by  them  distributed  to  other  subagendes  or  non-official  persons.  Such  a  use 
is  not  within  the  purview  of  the  act  as  it  now  stands,  and  the  most  liberal  rule  of  inter- 
pretation cannot  extend  it  so  iar.  An  officer  can  fbinish  return  envelopes  with  return 
address  to  any  unofficial  person  fh>m  or  through  whom  he  desires  official  information, 
but  he  cannot  furnish  such  unofficial  person  an  unlimited  supply  of  envelopes  to  be  by 
him  used  in  making  inquiries,  and  collecting  information  upon  the  same  subset,  and  to 
be  ftimished  by  him  to  other  unoffidal  persons  to  conrespond  with  him,  ao  that  he  may 
compile  the  results  of  thdr  information  and  send  it  to  the  Signal  Office. 

It  may  be  very  desirable,  and  for  the  public  interest,  to  make  aill  these  matters  relating 
to  the  weather  service  ftee  of  postage  by  extending  to  it  the  right  to  use  all  penalty  en- 
Telopes  that  may  be  necessary  in  collecting  information,  but  I  am  forced  to  the  condu- 
sion  that  the  statute  must  be  changed  in  order  to  confbr  the  authority.  Its  present  terms 
cannot  be  stretched  so  far. 

These  views  are  in  harmony  with  several  opinions  fhrnished  to  this  Department  by 
the  Attomey-GeneraL 
Very  respectfully, 

EDWIN  R  BRYANT, 
Avri^ant  AUomep^General  PoBl^Office  Department 

Hon.  William  F.  Vilas, 

Paetmaster-Oeneral, 

A  true  copy. 

B.  M.  PUESSELL, 
Second  Lieutenant,  Signal  Oorps^  U.  S,  Armp, 

Post-Office  Depabthent, 
Office  of  the  Posthasteb-Genebal, 

Washington,  D.  C,  March  18,  1886. 

Sib  :  Tour  communication  of  the  28th  of  January,  in  regard  to  the  use  by  voluntary 
observers  of  penalty  envelopes,  was  recdved  by  me  but  two  days  ago.  In  response  thereto 
I  transmit  to  you  a  copy  of  the  opinion  of  the  Assistant  Attorney-General  of  this  Depart- 
menty  fh)m  which  you  will  see  that  the  use  of  such  envelopes  as  you  indosed  a  sample 
of,  and  tiie  manner  in  which  you  speak  of  their  being  used,  is  illegal  and  cannot  be  per- 
niiUad.  Tbm  extent  to  whidi  the  law  authorizes  your  office  to  send  out  envelopes  is  to 
lArt  the  oppoirtaailjy  fn  xeply  to  looh  inquiiiei  ai  you  may  directly  pat^  but  It  la  en- 
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iirely  inadmissible  to  place  envelopes  in  the  hands  of  unofficial  persons  to  use  at  their 
discretion.    In  order  to  authorize  the  use  of  the  envelope  in  the  manner  in  which  yoa 
desire  it  legislation  should  be  secured. 
Very  respectfully, 

WM.  P.  VILAS, 
Pogimaster-OekeraL 

Brig.  Gen.  W.  B.  Hazbn, 

Chief  Signal  Officer^  U.  8,  Army. 

A  true  copy. 

B.  M.  PUKSSELL, 
Second  lAeuienani,  Signal  Corps,  U.  S.  Army. 

pa.  R.  9696.    In  the  House  of  Representatives,  July  19, 1881    Read  twice,  referred  to  the  Oommittee 

on  the  Poet-Omoe  and  Post-Roads,  and  ordered  to  be  printed.] 

'  Mr.  Cai<dwbll  introduced  the  following  bil] : 

A  BILL  authorizing  tbe  transmission  of  weather  reports  through  the  mails  firee  of  posti^e. 

Be  it  enacted  hy  the  Senate  and  House  of  Representatives  of  the  United  States  of  America  in 
Congress  assembled,  That  the  provisions  of  the  fifth  and  sixth  sections  of  the  act  entitled 
"An  act  establishing  poet-xx>ads,  and  for  other  purposes,"  approved  March  3,  1877,  for 
the  transmission  of  official  mail  matter,  be,  and  is  hereby,  extended  to  all  observers 
and  agents  co-operating  with  the  Signal  Service  in  collecting  meteorological  reports  for 
the  benefit  of  commerce  and  agriculture;  and  that  all  official  mail  matter  relatii^  to 
weather  reports  may  be  transmitted  through  the  mails  free  of  ppstage,  the  envelopes  con- 
taining said  mail  matter  in  all  cases  to  bear  an  appropriate  indorsement  of  the  name  and 
address  of  the  observer  from  whom  the  same  is  transmitted,  under  the  words  "  official 
business  weather  reports"  with  a  statement  of  the  penalty  for  their  misuse. 

[8.  2001.    Forty-ninth  Congress,  first  session.    In  the  Senate  of  the  United  States,  March  80, 1888.1 

Mr.  Ck>iram  introduced  the  following  bill ;  which  was  read  twice,  and  referred  to  the  Committee 

on  PostOfflces  and  Post-Roads. 

A  BILL  authorizing  the  tnmsmission  of  weather  reports,  storm,  and  flood  warnings,  and  the  an- 
nouncement of  the  approach  of  cold  waves  through  the  mails  free  of  postage. 

B'i  it  enacted  hy  the  Senate  and  Hovae  of  Etpresentatives  of  the  United  States  of  America 
in  Congress  assembled^  That  the  provisions  of  the  fifth  and  sixth  sections  of  the  act  en- 
titled ''An  act  establishing  post-roads,  and  for  other  purposes,"  approved  March  3, 1877, 
for  the  transmission  of  official  mail  matter,  be,  and  is  hereby,  extended  to  all  observers 
and  agents  co-operating  with  the  Signal  Service  in  collecting  meteorolgical  reports  for  the 
benefit  of  commerce  and  agriculture;  and  that  all  official  mail  matter  relating  to  weather 
reports,  or  containing  warning  of  the  approach  of  storms,  floods,  frosts,  or  cold  waves 
may  be  transmitted  through  the  mail  free  of  postage;  the  env^opes  containing  said 
mail  matter  in  all  cases  to  bear  an  appropriate  indorsement  of  the  name  and  addras  of 
the  observer  fh>m  whom  the  same  is  transmitted,  under  the  words  "official  busineas, 
weather  reports,"  with  a  statement  of  the  penalty  for  their  misuse. 

Signal  Office,  Wab  Depabtboekt, 

Washington  City,  September  9, 1886. 

The  indications  board  will  make  a  careful  examination  of  the  several  i^ystema  of 
weather  signals  now  in  use,  or  proposed  for  use,  in  connection  with  the  Signal  Service, 
U.  S.  Army.  The  board  will  make  a  practical  test  of  the  various  systems  and  will  ex- 
amine any  reports  on  file  in  this  office  from  persons  who  have  had  ea:perience  in  the  use 
of  signals. 

A  report  will  be  made  on  the  relative  merits  of  the  several  signal  systems  examined, 
with  recommendations. 

By  order  of  the  Acting  Chief  Signal  Officer: 

J.  MITCHELL, 
Second  Lieutenant  Signal  Corps,  U.  S,  A. 

Signal  Office,  Wab  Depabtment, 

Wasliington  City,  September  17,  1886. 

Sib:  1  have  the  honor  herewith  to  forward  the  report  of  the  indications  board  on  the 
oeveral  lyBtemi  of  weather  rignals  in  use  or  propoeod  fi>r  use.    This  report  u  mode  in 
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aoQordanoe  with  instractions  reoeiTed  in  Memorandam  Order  No.  333,  office  of  Chief 
BigDia  Officer. 

Very  respectfully,  your  obedient  servant, 

H.  H.  C.  DUNWOODY, 
First  Lieuienani,  Fourth  ArtiUery,  AasistarUj  President  of  Board* 

AcTiNO  Chijcf  Signal  Officxb,  U.  8,  A. 

SKPOBT  OF  INDICATIONS  BOABD  ON  THE  SEVSBAL   SYSTEMS  OF   WEATHBB  SIGNALS 

IN  USB  OB  PB0F06BD  FOB  USE. 

In  accordance  with  instractions  contained  in  Memorandam  No.  233,  office  of  Chief 
Signal  Officer,  the  indications  board  has  carefally  considered  the  several  systems  of 
weather  signals  and  made  tests  of  visibility  of  the  different  systems  ander  varioas  con- 
ditions. iliesiB  systems  can  all  be  classed  onder  three  general  heads:  (1)  those  employ- 
ing symbols  of  differing  color  and  shape  displayed  on  a  fla^  of  nniform  gronnd,  as  the 
weather  siffuda  now  oaed  by  this  service;  (2)  those  employing  flags  of  different  colors, 
each  flag  beiDg  wholly  of  one  color;  (3)  those  employing  solid  symbols,  depending  for 
meaning  on  their  shape,  such  as  the  "ball,"  *'dram,"  **cone,"  system.  The  board 
foand  that  even  ander  the  most  favorable  conditions  the  symbols  of  the  first  class  were 
not  visible  to  the  naked  eye  at  a  distance  exceeding  400  yards.  Moreover,  whenever  the 
wind  is  light  these  flags  hang  in  sach  a  way  that  the  symbol  displayed  thereon  is  not 
legible.    Neither  can  they  be  read  when  one  is  directly  to  the  windward  of  them. 

None  of  these  objections  applied  to  the  second  system.  The  flags  of  this  class  tested 
were  those  nsed  by  the  Alabama  State  Weather  Service.  These  flags  coold  be  read  at  a 
mac^  greater  distance  than  those  of  the  first  class,  and,  as  only  the  color  need  be  seen 
to  give  their  meiming,  they  were  foond  to  be  legible  when  wrapped  aronnd  the  staff,  and 
in  flJl  positions  of  the  observer.  These  flags  coold  be  easily  read  with  field  glasses  at  a 
distance  of  two  and  a  half  miles,  while  the  flags  of  the  first  class  coald  not  be  distin- 
gaished,  one  from  the  other.  Solid  signals,  the  ball,  dram,  and  cone,  were  also  displayed, 
and  were  foand  to  become  illegible  at  aboat  the  same  distance  as  the  flags  of  the  flrst 
class.  Tliese  symbols  were  20  inches  in  diameter.  From  observation  of  a  b^l  4  feet  in 
diameter,  at  a  distance  of  two  miles  and  a  half,  it  became  evident  that  if  sohd  symbols 
are  employed  they  most  be  at  least  4  feet  in  diameter  in  order  to  be  visible  at  the  same 
distance  as  the  flags  of  the  second  class.  This  makes  them  too  balky  and  too  expensive 
for  general  nse. 

The  board  therefore  flnds  that,  considering  cost,  convenience,  and  legibility,  the  best 
system  of  weather  and  temperatnre  signals  is  one  in  which  the  several  symbols 'are  flags 
of  solid  colors,  and,  as  the  Alabama  system  is  already  in  general  nse  throaghoat  the 
Soath,  the  board  recommends  that  this  system  be  adopted  by  the  Signal  Service  on  Jan- 
nary  1, 1887,  and  that  the  system  now  in  nse  be  discarded  on  that  date.  The  board 
farther  recommends  that  a  circnlar  letter  be  drawn  np  and  sent  to  all  interested  in  the 
display  of  weather  and  temperatnre  signals,  informing  them  of  this  change  and  the  rea- 
sons therefor,  and  advising  tihem  to  parchase  the  new  &gs  as  soon  as  those  of  the  present 
system  now  in  nse  shall  &come  worn  and  nnserviceable.  In  this  way  it  is  believed  the 
diange  can  be  effected  with  the  least  troable  and  expense.  The  Alabiftma  system  of  sig- 
nals IS  as  follows: 

Bine  sqaare  flag:  general  rains. 

YdJow  sqaare  flag:  local  rains. 

White  sqaare  flag:  &ir  weather. 

Black  pennant  hoisted  above  weather  flag:  higher  temperatnre. 

Black  pennant  hoisted  below  weather  flc^:  lower  temperatnre. 

Abe^ioe  of  pennant  denotes  no  decided  change  in  temperatnre. 

The  cold-wave  flag  at  present  lo  a  white  sqaare  flag  with  bbck  center. 

H.  H.  C.  DUNWOODY, 
First  LietUenant,  Fourth  Artillery^  Assistant,  President 

JOS.  S.  POWELL, 
Second  Lieutenant,  Signal  Corps,  United  States  Army,  Assistant. 

JNO.  P.  FINLEY, 
Second  Lieutenant,  Signdl  Corps,  United  Slates  Army,  Assistant, 

J.  E.  MAXFIELD, 
Second  Lieutenant,  Signal  Corps,  United  Slates  Army,  Assistant,  Recorder^ 


APPENDIX  4. 

REPORT  ON  COLD-WAVE  SIGNALS. 

SiGKAL  Office,  Wab  Depabtment, 

WoBhingUm  CUy,  June  30,  1880. 

To  tho  Chief  Signal  Offices  of  the  Abmy,  Waahingion  City: 

Sib:  I  have  the  honor  to  sabmit  the  following  report  upon  the  work  perfonued  in  con* 
nection  with  the  system  of  oold-wave  warnings  during  the  fiscal  year  ending  June  30, 
1886: 

The  progress  made  in  this  important  and  popular  branch  of  meteorological  work  has 
been  highly  satis&ctory,  not  only  as  regards  tho  accuracy  of  predictions,  but  also  in  the 
greatly  increased  facilities  for  disseminating  the  warnings  of  the  approach  of  cold  wavA 

The  interest  manifwted  by  the  general  public  and  the  expense  incurred  by  a  larfsfi 
numl)er  of  citizens  in  the  pan:hase  and  proper  display  of  cold- wave  signal  flags  suffi- 
ciently attest  the  value  aud  importance  of  the  system,  and  I  have  no  hesitation  in  saying 
that,  judging  from  the  reports  made  by  oar  obeervers  during  the  year  upon  the  benefits 
derived  from  the  warnings  and  the  prompt  display  of  the  signal,  property  to  the  value  of 
many  millions  of  dollars  has  been  saved. 

The  unexpected  arrival  of  sudden  changes  in  temperature  is  alwaprs  disastrous  to  the 
interests  of  persons  engaged  in  agriculture  and  stock-farming,  of  shippeis  of  perishable 
goods,  maDufacturers,  railroad  and  canal  companies,  merchants,  cotton  aud  other  planters; 
and  the  purpose  of  the  Chief  Signal  Officer  in  sencUog  out  these  warnings  is  that  persons 
engaged  in  all  industries  liable  to  be  affected  by  cold  weather  or  sudden  changes  in  tem- 
perature may  be  enabled  to  take  the  precautions  necessary  to  protect  their  interests  by 
being  informed  in  ample  time  of  the  coming  cold  waves,  which  it  is  possible  for  the 
service  to  predict  with  an  average  accuracy  of  from  85  to  100  per  cent 

When  it  is  expected  that  the  temperature  will  fall  suddenly  fifteen  to  thirty  degrees 
or  more  in  any  section  of  the  country,  the  cold- wave  warning  is  immediately  telegraphed 
to, selected  stations  of  the  Signal  Service,  from  twenty-four  to  forty-eight  hours  in  ad- 
vance, at  which  the  cold-wave  flags  are  immediately  hoisted,  in  order  that  the  public 
may  be  fully  informed.  The  information  is  then  sent  by  telephone  and  telegraph,  when- 
ever practicable,  to  all  towns  and  railroad  stations  in  the  vicinity  of  the  Signal  Sexvioe 
stations  displaying  the  signal. 

Cold- wave  signals  are  not  ordered  unless  a  temperature  of  forty-five  degrees,  or  less,  is 
expected.  When  the  temperature  is  expected  to  fall  twenty  degrees,  or  more,  in  any  dis- 
trict, and  not  reach  forty-five  degrees,  announcement  of  coo2waue  approaching  is  made  in 
the  *  *  indications. ' '    No  signals  are  displayed  for  cool  waves. 

The  cold-wave  eignal  is  a  white  flag,  six  or  eight  feet  square, 
with  black  center  about  two  feet  square.  It  is  lowered  when  the 
wave  arrives. 

A  full  description  of  the  signal  and  the  principal  features  of  the 
system  was  published  in  the  last  annual  report  of  the  Chief  Sig- 
nal Officer. 

In  various  studies  upon  the  origin  and  movements  of  areas  of 
high  and  low  barometer  it  has  been  shown  generally  that  they 
move  almost  invariably  across  the  United  States  from  west  to  east. 
The  determination  of  the  movement  of  the  area  of  low  barometer 
largely  determines  the  movement  of  the  following  high  barometer. 
Now,  most  of  the  areas  of  low  barometer  are  formed  in  the  region 
east  of  the  Rocky  Mountains,  and  as  these  areas  move  eastwardly 
the  high  moves  in,  and  we  have  accompanying  a  cold  wmx  of  more 
or  less  intensity.    Even  if  the  low  area  pursue  an  abnormal  track,  the  circulation  of  the 
winds  about  tibe  high  and  low  is  such  as  to  produce  almost  invariably  a  decided  faU  in 
temperature  if  the  low  be  eastward  of  the  high. 
124 
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A  careful  investigation  of  the  progressiTe  motion  of  cold  waves  proves  that  iliey  may 
be  divided  into  thxee  classes,  as  follows: 

(1.)  Those  that  move  directly  across  the  conntry  from  west  to  east,  and  which  follow 
an  almost  invariable  path  along  the  chain  of  great  lakes  and  across  New  England;  these 
do  not  extend  to  the  States  sonth  of  the  Ohio  river. 

(2.)  Those  which  move  in  a  sontheasterly  direction  and  cover  the  entire  conntry  in 
fheir  progress. 

(3.)  Those  which  move  sontherly  from  Montana  and  Dakota  to  Texas,  thence  through 
the  Gnlf  States,  and  then  spread  easterly  over  the  Atlantic  coast  States.  It  sometimes 
oocnrs  with  this  class  that  the  cold  wave  is  fi»t  felt  at  Saint  Lonis  and  Shreveport  be- 
fore being  felt  at  Saint  Paal  and  Chicago,  and  that  then  the  cold  wave  takes  the  general 
movement  eastward  of  the  second  class. 

There  are  about  24  per  cent,  of  cold  y^vea  of  the  first  class,  54  per  cent,  of  the  second, 
and  22  per  cent,  of  the  third. 

The  following  general  results  have  been  arrived  at  since  the  beginning  of  the  study  of 
the  character  and  movement  of  cold  waves  in  the  United  States: 

(1)  They  appear  in  the  extreme  northwest,  and  about  86  per  cent,  originate  or  are 
first  felt  east  of  the  Hocky  Mountains,  and  14  per  cent,  come  across  these  mountains. 

(2)  Their  appearance  in  the  Northwest  is  independent  of  the  time  of  day. 

(3)  By  f^r  tibe  greatest  number  of  cold  wav&s  travel  across  the  country  from  Helena, 
Mont.,  to  the  Atlantic  Ocean  in  thirty- two  to  forty  hours. 

(4)  The  most  decided  changes  of  temperaturo  for  the  twenty-four  hours  occur  in  the 
afternoon,  and  this  is  particularly  true  of  the  sudden  fall  during  the  passage  of  a  cold 
wave. 

(5)  The  most  decided  and  most  severe  cold  waves  follow  severe  storms. 

(6)  The  maximum  effect, that  is,  the  minimum  temperature,  occurs  when  the  barom- 
eter is  the  highest  above  the  normal. 

The  following  extracts  fVom  the  reports  of  our  observers  indicate  the  value  of  this 
branch  of  Signal  Service  work.  The  reports  cover  the  period  fh>m  July  1, 1885,  to  June 
30, 1886: 

Abilene^  Tex. — ^Total  number  of  si^aU  displayed,  13;  justified,  11;  not  justified,  2. 
Warnings  were  considered  by  the  business  interests  generally  to  be  of  considerable  value. 
Prindpsdly  beneficial  to  dealers  in  live  stock  and  perishable  goods.  Business  men  put 
the  utmost  confidence  in  the  wamingps  issued  by  the  Chief  Signal  Officer.  (L.  H.  4605, 
Obs.,  1886.) 

Aibany,  N.  T. — ^Total  number  of  signals  displayed,  14;  justified,  13;  not  justified,  1. 
Copies  of  warnings  were  ftunished  the  Delaware  and  Hudson  Canal  Railroad  Company; 
People's  line  of  Steamets;  Schuyler  Towing  Line  of  Steamers;  Hudson  River  Telephone 
Company:  and  State  superintendent  of  canals.  Fifteen  or  twenty  towns  received  the 
warnings  oy  these  means.  The  Delaware  and  Hudson  Canal  Railroad  Company  are  pre- 
paring symbols  to  be  displayed  on  their  cars,  and,  when  completed,  the  warninfip  will  be 
observed  at  ninety-one  stations  ftom  Binghamton,  N.  Y.,  to  Rutland,  ^.^  and  Rouse's 
Point,  N.  Y. 

This  information  was  of  gmt  value  to  vessel  interests,  and  the  saving  to  dealens  in 
fish,  oysters,  fhut,  wine,  &c.,  is  incalculable.    (L.  R.  4543,  Obs.,  1886.) 

Atkmtaf  Ga, — Total  number  of  signals  displayed,  13;  justified,  10;  not  justified,  3. 
Wamings  were  fbrnished  the  Richmond  and  Danville  Railroad:  Georgia  Pacific  Rail- 
road; Western  and  Atlantic  Railroad;  Central;  and  Atlanta  and  West  Point  Railroad. 
Estimated  number  of  towns  receiving  benefits  from  the  warnings  is  fifty.  (L.  R.  4542, 
Obs.,  1886.) 

AuffusUt,  Ga, — ^Total  number  of  signals  displayed,  15;  justified,  13;  not  justified,  2. 
Warnings  fhmished  the  following  raiboads :  Augusta  and  Knoxville;  Port  Royal  and 
Augusta;  Gibson  and  Sandeisville.  At  least  twenty-two  towns  were  immediately  in- 
formed of  the  approach  of  cold  waves.  Merchants  were  especially  benefited  by  the 
warnings.     (L.  R.  4993,  Obs.,  1886.) 

BaUimore,  Md, — ^Total  number  of  signals  displayed,  18;  justified,  15;  not  justified,  3. 
Warnings  were  furnished  the  Com  Exchange,  Merchants'  Reading  Room,  Branch  Hy- 
drogniphic  Office,  Telephone  Exchange,  Baltimore  and  Ohio  Railroad,  and  Baltimore  and 
Ohio^  Western  Union,  and  United  Lines  Telegraph  Companies.  At  least  forty  towns  re- 
ceived the  benefit  of  the  warnings.  The  past  winter  was  unusually  severe,  and  as  there 
are  many  interests  here  which  are  affected  by  sudden  temperature  changes  a  great  deal 
of  attention  was  paid  to  the  warnings  issued  by  the  service.  Shipping  was  benefited 
to  the  extent  of  many  thousands  of  dollars.  The  shipments  of  perishable  freight  were 
also  regulated  by  these 'warnings.  When  it  is  stated  that  upward  of  $12,000,000  are 
invested  in  the  oyster-packing  business,  employing  about  45,000  hands,  some  idea  can 
be  ibnned  of  the  loss  which  would  be  suatiUned  by  forwarding  at  an  inauspidous  time 
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the  pxodnct  of  onlj  one  day.  Ten  or  more  yean  BgQ  the  spoiling  and  aometimeB  the 
loss  of  entire  shipments  were  frequent;  dniing  hut  winter  but  little  complaint  was  heaid 
in  this  direction.     (L.  K.  4539,  Obs..  1886.) 

Buffalo^  a.  Y. — ^Total  number  of  signals  displayed,  15;  all  justified.  Warnings  were 
furnished  the  following  railroads:  Rochester,  BuffiUo,  and  Pitisbuxg;  Erie;  Lake  Shore; 
and  the  Grand  Trunk;  also  the  Western  Union  and  Baltimore  and  Ohio  Telpgia|A 
offices,  and  the  Bell  Telephone  Exchange.  It  is  estimated  that  about  fiye  hundred 
towns  and  cities  received  the  benefit  of  the  warnings.  Prominent  shippers  of  and  deal- 
ers in  grain  and  produce  state  that  their  business  was  conducted  on  the  strength  of  our 
reports.  There  is  no  information  sent  out  from  the  Signal  Office  that  has  given  better 
satisfaction  to  the  entire  community.     (L.  B.  4570,  Obs.,  1686.) 

Boston^  Man, — ^The  total  number  of  signals  displayed,  16;  all  justified.  Warnings 
were  fbmished  the  following  railroads:  Boston  and  Maine;  Eastern;  Boston  and  Lowell; 
Old  Colony;  New  York  and  New  England;  Fitchburg;  Boston  and  Albany;  Boston  and 
Providence;  and  the  Boston,  Revere  Beach  and  Lynn.  Over  two  hundred  and  seventy- 
five  towns  and  stations  received  the  benefit  of  the  warnings.  Managers  of  tel^hone  ex- 
changes in  Worcester,  Springfield,  Fitchbuig,  North  Adams,  Orange,  Northampton,  and 
Palmer,  Mass.,  Lebanon  and  Manchester,  N.  H.,  and  BratUeborough,  Vt,  displayed 
cold-wave  signals  and  forwarded  the  information  to  other  cities.  About  fifty  towns  were 
furnished  with  the  warnings  in  this  manner.  Many  members  of  the  Boston  Fruit  and 
Produce  Exchange  state  that  their  shipments  were  regulated  entirely  by  the  temperature 
predictions.  Fruit  dealers  always  consulted  this  office  before  making  a  shipmentw  (L. 
B.  4818,  Obs.,  1886.) 

Cairo,  lU. — ^Total  number  of  signals  displayed,  21;  justified,  19;  not  justified,  5L 
Warnings  were  furnished  the  following  railroads:  Illinois  Central;  Mobile  and  Ohio; 
Texas  and  Saint  Louis;  Iron  Mountain;  Chicago,  Vincennes  and  Cairo;  and  Cairo  and 
Saint  Louis.  The  officers  of  a  number  of  steamboat  lines  consulted  the  warnings. 
Fifty-eight  towns  received  the  bcmefit  of  the  warnings.  This  city  being  the  point  of 
call  for  all  Ohio  and  Mississippi  River  steamers,  the  i^ue  of  the  warnings  to  we  ship- 
ping interests  of  these  rivers  cannot  be  estimated.  Shippers  of  perishable  goods  saved 
thousands  of  dollars  by  taking  advantage  of  the  information  given.  (L  R.  4568,  Obs.. 
1886.) 

CharletUm,  8,  C. — Total  number  of  signals  displayed,  15;  all  justified.  The  officials 
of  the  South  Carolina,  Northeastern,  and  Charleston  and  Savannah  Railroad  Companies 
tele^^phed  the  warnings  to  all  stations  on  their  respective  roads,  and  about  fifty  towns 
received  them.  The  amount  of  periahable  goods  saved  by  a  single  warning,  that  of  Jan- 
uary 8,  1886,  was  valued  at  $5,000.     (L  R.  4612,  Obs.,  1886.) 

(MeagOf  III. — ^Total  nnmbiBr  of  signals  diatplayed,  20;  justified,  15;  not  justified,  5. 
Warnings  were  furnished  the  following  railroads:  Saint  Paul,  Minneapolis  and  Omalia; 
Chicago  and  Alton;  Chicago  and  Eastern  Illinois;  Grand  Trunk;  Chicago,  Rock  Island 
and  Pacific;  Chicago  and  Northwestern;  Lake  Shoro  and  Michigan  Southern.  Five 
hundred  towns  were,  in  all  probability,  supplied  with  cold-wave  warnings  through  the 
medium  of  these  railroads.  This  information  was  of  special  benefit  to  dealers  in  perish- 
able goods,  packers  and  shippers  of  fresh  meat,  broweiis,  and  the  railroads.  (L.  R.  4610, 
Obs.,  1886.) 

dneinnatif  Ohio. — Total  number  of  signals  displayed,  18;  justified,  16;  not  justified,  2. 
Warnings  were  furnished  eleven  railroad  companies.  The  signal  of  January  7,  1^6^ 
was  the  means  of  saving  thousands  of  dollars.  The  general  public  placed  great  reliance 
in  the  predictions,  and  in  every  case  made  preparations  accordingly.  (L  R.  4606,  Obs., 
1886.) 

Clevetandy  Ohio. — ^Total  number  of  signals  displayed,  19;  justified,  18;  not  justified.  1. 
Warnings  were  furnished  the  Lake  Shore  and  Michigan  Southern  Railroad;  Now 
York,  Chicago  and  Saint  Louis  Railroad;  New  York  and  Ohio  Railroad;  and  Cleve- 
land, Columbus,  Cincinnati  and  Indianapolis  Railroad.  One  hundred  stations  reodTsd 
the  benefit  of  the  information.    (L.  R.  4393,  Obs.,  1886.) 

Mtmbua,  0^.— Total  number  of  signals  displayed,  18;  justified,  17;  not  justified,  1. 
Warning  were  furnished  theiSdota  Valley  Railroad;  Columbus  and  Cincinnati  Wd" 
land  Railroad;  Columbus,  Hocking  Valley  and  Toledo  Railioad.  Eighty-five  statioDa 
received  the  benefit  of  the  warnings.  Cold-wave  signal  flags  were  displayed  on  the  can 
of  the  Columbus  and  Cincinnati  Midland  Railroad,  Columbus,  Hocking  Vall^  and 
Toledo  Railroad,  and  Cleveland.  Mount  Vernon  and  Delaware  Railroad.  (L  R.  4467, 
Obs.,  1886.) 

De$  Moines,  Iowa, — ^Total  number  of  signals  dirolayed,  20;  justified,  17;  not  justified*  3. 
Warnings  were  furnished  the  Chicago,  Rock  Island  and  Pacific  Railroad;  Chicago  and 
Northwestern  Railroad;  OsoeolA  and  Southern  Railroad,  and  Wabash  and  Saint  Lonia 
BaOroad.    The  infonnation  was  distributed  by  the  nulroad  companies  and  the  Western 


REPORT   OF   THE   CHIEF   SIGNAL    OFFICER.  127 

Union  Telegraph  Company  to  four  handred  and  forty-three  points,  comprising  nearly  all 
the  important  towns  in  Iowa.  Large  shipments  of  perishable  goods  were  saved,  and  a 
loss  of  several  thousand  dollars  prevented  by  means  of  these  warnings.  (L.  K.  4672, 
Obs.,  1886.) 

Detrcit^  Mich, — Total  number  of  signals  displayed,  17 j-*  justified,  16;  not  justified,  1. 
The  oold-wave  signal  was  displayed  by  interested  citizens  in  forty-seven  leading  cities  in 
Michigan.  The  warnings  were  famished  sixty-four  stations  by  the  different  railroad 
compcmies.  No  shipments  of  fmit,  potatoes,  or  perishable  articles  were  made  daring 
the  proicress  of  a  cold  wave,  and  an  aggregate  of  $1,000,000  wortJi  of  property  has  been 
saved  to  shippers  and  citizens  of  Michigan  by  the  timely  warnings.  (L.  R  4671,  Obs., 
1886.) 

Grand  Haven,  Mich. — Total  number  of  signsds  displayed,  14;  justified,  9;  not  jos- 
tified,  5.  The  signal  was  displayed  by  interested  citizens  in  fourteen  leading  cities,  and 
the  information  distribated  to  one  handred  and  thirty-two  towns  by  the  railroad  com- 
panies. It  is  estimated  that  41,000  persons  engaged  in  farming,  horticulture,  &&, 
derived  benefit  from  these  warnings.     (L.  R.  4615,  Obs.,  1886.) 

Jackaonville,  FUl — ^Total  number  of  signals  displayed,  16;  justified,  14;  not  justified,  1. 
The  railroad  companies  distribated  the  warnings  to  one  hundred  and  fifteen  towns  in 
the  State.  They  were  of  great  benefit  to  the  orange  and  vegetable  growers.  (L.  R.  4544, 
Obs.,  1886.) 

Leavenworth^  Kana, — Total  namber  of  Signals  displayed,  21;  justified,  18;  not  justified, 
3.  The  warnings  were  sent  to  one  hundred  and  twen^-five  towns  through  the  co-opera- 
tion of  the  railroads.  A  single  display  resulted  in  saving  several  car-loads  of  potatoes. 
(L.R.  4676,  Obs.,  1886.) 

JUemphiSf  Tenn, — ^Total  namber  of  signals  displayed,  19;  justified,  16;  not  justified,  3. 
Warnings  were  distribated  by  the  railroads,'  telegraph,  and  telephone  companies  to  two 
handred  and  fifty-two  towns.  The  information  of  approaching  cold  weather  was  of 
advantage  in  the  <»re  of  crops  and  stock,  and  of  perishable  goods  in  houses,  stores,  and 
in  transit;  also  in  the  protection  of  plants  and  water-pipes,  in  treating  the  sick,  and  in 
general  matters  of  health.     (L.  R.  4710,  Obs.,  1886.) 

Mobile,  Ala, — ^Total  namber  of  signals  displayed,  9;  justified,  8;  not  justified,  1. 
Displays  were  highly  appreciated  and  have  been  of  great  benefit.  Mr.  John  G.  Friend, 
secretioy  of  the  Mobile  County  Gardeners'  Association,  states  that  the  cold- wave  dis- 
plays resulted  in  a  saving  to  the  gardeners  in  his  county  of  $50,000.  (L.  R.  4613,  Obs., 
1886.) 

Nashville,  Tean.— Total  number  of  signals  displayed,  18;  justified,  16;  not  justified,  2. 
The  warnings  were  distribated  by  the  railroad,  telegraph,and  telephone  companies  tosizty- 
three  towns.  Signal  flags  were  displayed  at  eleven  points  in  Nashvilleand  adjacent  towns. 
The  information  was  telephoned  to  fifty-seven  merchants,  farmers,  stock-brokers,  fiorists, 
and  gardeners  in  Nashville  and  vicinity,  and  the  warnings  were  bulletined  at  forty-two 
prominent  poin  ts  throughout  the  city.  The  information  of  approaching  cold  waves  proved 
of  untold  value  and  benefit  to  farmers,  stock-breeders,  gardeners,  florists,  pork-packers, 
builders,  factories,  and  to  commercial  interests  generally;  thousands  of  water-pipes  were 
protected,  cattie  comfortably  housed,  and  fruit  and  commission  merchants  saved  their 
stock.  Citizens  spoke  in  the  highest  termsof  the  great  benefits  accruing  from  this  branch 
of  Signal  Service  work,  and  unprecedented  demands  have  been  made  for  the  information 
from  merchants  and  farmers  living  in  the  suburbs  and  sarrotmding  towns.  Not  a  single 
frost  prediction  failed  daring  the  season,  nor  did  any  frost  occur  which  was  unan- 
nounced.    (L.  R.  4714,  Obs.,  1886.) 

New  Orleans,  La. — Total  namber  of  signals  displayed,  13;  justified,  10;  not  justified,  3. 
Aboat  ninety  stations  and  towns  received  the  benefit  of  the  warnings  through  the  rail- 
road and  telephone  companies.  The  signal  was  displayed  by  interested  citizens  in 
eighteen  towns  in  Louisiana.  This  information  was  of  great  benefit  to  sugar  planters,  and 
a  single  vrarning  was  given  in  time  to  save  them  thousands  of  dollars.  The  amount  of 
property  saved  in  this  State  during  the  season  would  carry  on  the  entire  frost- warning 
service  for  the  next  ten  years.     (L.  R.  4574,  Obs.,  1886.) 

New  York  City. — ^Total  number  of  signals  displayed,  17;  justified,  16;  not  justified,  1. 
The  vramings  were  furnished  all  the  exchanges,  clubs,  prominent  hotels,  brokers, 
hankers,  and  others  in  New  York  City,  Brooklyn,  and  Jersey  City,  and  were  bulletined 
io  public  places.  It  is  estimated  that  1,750,000  persons  were  thus  informed  of  the 
approach  of  a  cold  wave.  The  warnings  resalted  in  saving  many  thousands  of  dollars, 
and  the  cold- wav^  signal  system  is  r^arded  by  all  classes  as  one  of  the  most  valuable 
features  of  the  Signal  Service,  and.  as  the  signals  have  been  almost  invariably  justified, 
they  have  been  universally  heeded.  The  Foreign  Fruit  Exchange  regulated  much  of 
their  business  by  this  information,  and  the  members  stated  that  the  warnings  have 
proved  of  incalculable  benefit  to  them.    (L.  R.  4450,  Obs.,  1886.) 
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Philadelphia,  Pa. — Total  nmnber  of  signals  diBplayed,  18;  justified,  14;  not  justified,  4. 
Over  one  hundred  stations  and  towns  received  the  warnings  through  the  co-operation  of 
Uie  railroad,  telephone,  and  telegraph  companies.  Merchants,  fmit,  and  produce  dealers 
were  greatly  benefited  by  this  information.  As  afiecting  this  commanity,  the  timely 
warning  of  approaching  cold  waves  is  the  most  valuable  part  of  the  practical  work  of 
the  Signal  Service.     (L.  R.  4616,  Obs.,  1886.) 

PiiiSburg^  Pa. — Total  number  of  signals  displayed,  16;  all  justified.  Fifty  stations 
and  towns  received  the  warnings  through  the  railroad  and  telegraph  companies.  Ship- 
pers of  perishable  goods  and  coal  and  river  men  were  benefited,  and  the  information 
was  of  incalculable  value  to  dealers  in  grain,  provisions,  ^.     (L.  R.  4496,  Obs.,  1886.) 

iSiain^  Louis,  Mo. — Total  number  of  signals  displayed,  21 ;  justified,  18;  not  justified,  3. 
Warnings  were  distributed  over  the  lines  of  seven  railroads.  The  information  was  of 
inestimable  value  and  indispensable  during  the  winter  season.     (L.  R.  4736,  Obs.,  1886.) 

Saint  Paul,  Minn. — Total  number  of  signals  displayed,  20;  justified,  11;  not  justified,  9. 
The  warnings  were  distributed  to  two  hundred  and  twenty-eight  stations  by  the  railroad 
companies.  This  information  was  of  great  benefit  to  railroads  in  enabling  them  to  pre- 
pare for  snow  blockades  and  prevent  delays  caused  by  intense  cold.  Mr.  H.  C.  Hope, 
soperinteodent  telegraph,  Chicago,  Saint  Paul,  Minneapolis  and  Omaha  Railroad,  stated 
that  the  benefits  to  the  railroads  from  a  single  warning  were  sufiident  to  pay  the  cost  of 
the  service  for  an  entire  year,  and  that  this  warning  was  undoubtedly  the  cause  of  sav- 
ing several  lives.  Nothing  connected  with  the  service  has  proved  so  satisfactory  to  the 
public  as  the  cold-wave  system.     (L.  R.  4673,  Obs.,  1886.) 

Toledo,  Ohio. — Total  number  of  signals  displayed,  18;  justified,  11;  not  justified,  7. 
Through  the  co-operation  of  the  railroad,  tel^raph,  and  telephone  companies  the  warn- 
ings were  distributed  to  eight  hundred  and  sixty-nine  towns.  The  Ohio  Central  Rail- 
road Company  states  that  &e  warnings  of  December  9  and  23, 1885,  and  January  2, 16, 
and  19, 1886,  enabled  them  to  save  $500  per  night.  The  information  was  of  great  ben- 
efit to  wholesale  doEders  in  fruit  and  perishable  goods.     (L.  R.  4545,  Obs.,  18^.) 

List  of  statiomt  of  observation  of  the  United  Slates  Signal  Service  at  which  the  cold-wove 
signal  is  displayed  and  the  warnings  distributed  for  the  information  and  benefit  of  the 
public. 


Name  of  station. 


Abilene,  Tex ...., 

Albany,  N.Y , 

AtlantBsQa , 

Aufru8ta,Ua.* 

Buffalo,  N.Y 

Beaton,  MaRfl 

Baltimore,  Md 

Chattanooga,  Tenn.... 

Cheyenne,  Wyo 

ChlcaffO.IU 

Cincinnati,  Ohio 

Columbus,  Ohio 

Concordia,  Kans.  * 

Cleveland,  Ohio 

Cairo,  111 

Charlotte,  N.O 

Charleston,  ft.  C.  * 

Dea  Moines.  Iowa 

Detroit,  Mich 

Davenport,  Iowa 

Denver,  Colo.* 

DodKO  City,  Kans.  *.... 

Dubuque,  Iowa* 

Erie,Pn 

Port  Smith,  Ark 

Cilrecncastle,  Ind 

Galveston,  Tex 

Grand  Haven.  Mich.  * 

Indianapolis,  Ind 

Jacksonville,  Fla 

Keokuk.  Iowa 

Knoxville,  Tenn.  • 

Ijk  Cro8«c,Wis , 

Tiamar,  Mo 

Leavenworth,  Kans.... 


Established. 


Deo.  21, 1886 
Mar.  28, 1884 
Nov.  G,1884 
ApriM,188S 
Mar.  8,1884 
July  30, 1884 
Sept.20,1884 
Mar.  21. 1884 
Oct.  2,1885 
Dec  26, 1883 
Dec.  26, 1883 
July  28, 1884 
April  4, 1885 
Nov.  6,1884 
Nov.  12, 1884 
Jan.  27, 1885 
April  4, 1886 
July  90, 1884 
July  30,1884 
Nov.  6,1884 
April  4, 1885 
April  4,1885 
April  4, 1885 
Sept.11,1886 
Apr.  13,1886 
July  23, 1884 
Oct.  17,1884 
Apr.  4,1885 
July  23, 1884 
Nov.  6,1884 
Nov.  6, 1884 
Apr.  4,1885 
Jan.  20,1886 
Sept.16,18S5 
July  30, 1884 


Name  of  station. 


Little  Rock,  Ark - 

Logansport,  Ind 

LouisviJle,  Ky 

Lynchburg;  va.  • - 

Memphis,  Tenn 

Milwaukee,  Wis 

Mobile,  Ala 

Montgomery,  Ala 

Nashville,  Tenn 

New  York  City 

New  Haven,  Conn 

New  London, Conn.* 

New  Orleans,  La 

Norfolk,  Va.  * 

North  Platte,  Nebr..... .^.... ........ 

Omaha,  Nebr.* 

Oswego,  N.Y 

Palestine,  Tex 

Philadelphia,  Pa. 

Pittoburg,  Pa- - 

Portland,  Me.* 

Rochester.  N.Y 

Rpringfleld.IU 

Saint  Louis,  Mo 

Saint  Paul,  Minn.* 

Shreveport,  La 

Sandusky,  Ohio* 

Savannah,  Ga 

Sanford,  Fla 

Toledo,  Ohio 

Vicksburg,  Miss.  * 

Washington  City 

>yilmington,N.  O.*- - 

X  ttllifc  V%^llf  Xi^CvIk  %••  •«•»•••»•■••••■•  •«•  •■«•••  *■••• 


Ertablished. 


May  17,1884 
July  30,1884 
26,1883 
4,18S5 
17,1884 
6,1884 
3,1885 
19.1881 
26,1883 

ao,i8»t 

6,1884 


Dec. 

Apr. 

Oct. 

Nov. 

Dec. 

Nov. 

Dec 

July 

Nov. 

AprU 

Nov. 

Apr. 

Oct. 

Apr. 

Jan. 


4,1885 
6,1884 
4.1885 
2,1885 
4,1885 
11,1886 
June  14, 18S6 
July  30,1884 
July  23,1884 
Apr.  4,1885 
Nov.  6,1884 
July  23,1884 
Dec.  26. 1883 
Apr.  4. 188S 
Nov.  19,1884 
Apr.  4,1885 
Apr.  4. 1885 
Jan.  27,1886 
Nov.  6,1884 
Apr.  4,1885 
July  30,1884 
Apr.  4,1885 
Oct     7,1885 


Total,  09. 

Stations  marked  thus  *,  alUiough  established  as  cold-wave  dbplay  atatloas  on  tbe  dotes  gtiren, 
did  not  go  into  operation  until  July  1, 1889, 
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List  of  cities  at  which  the  cold-waoe  signal  is  display,  the  warnings  being  telegraplted  ai 

Vie  expense  of  the  United  States, 


Name  of  city. 


Siffnal  Service  sto- 
tlon  from  which 
the  waminga  are 
telegraphed. 


Abilene,  Tex 

Amelia  O,  H.,  Va..«*.>M.  ..•~ 

Amsterdam,  N.  Y 

Arrow  Book,  Mo 

Asbury  Park,  N.  J 

Ashley.  Ill 

Aubam,  Ala » 

Bainbridge,  Ga 

Bath,  Me 

Beiiver  Dam,  Ww 

BcloU,  Kaiis 

Billinfl^fi,  Mo 

Blalr,  Nebr 

Bloomfleld,  N.  J 

BloomiD^oD,  HI 

Bolivar,  Mo 

BoDnieville,  Ky 

Boonville,  Mo 

Rordcntowii,  N.  J 

BoAtoii,  Ua 

Bridgeport,  HI 

Brownsville,  Tcnn 

Brunswick.  Mo 

Bunker  Hill.  HI 

Burbank.  Ohio 

Burkeeville,  Ky 

Butler.  Ind 

Caldwell,  Kans 

Cameron,  Mo 

CanandaiffUA,  N.  Y 

Canton,  Mo 

Carterville.  Mo 

Carthage.  Mo ~ 

Catskill,  N.  Y 

Cedar  Rapids,  Iowa. 

Contralla,  HI 

Chambersburir,  P)a 

Champaign,  HI ~ 

Charleston,  Mo 

Charleston,  W.  Va 

Charlottesville,  Va 

Cbetopa,  Kans 

Chillicothe,  111 

Circlevillo,  Ohio 

Clay  Centre,  Kans 

Clayton,  N.  Y 

Cobden,  111 

Columbia,  Mo 

Conneaut,  Ohio 

Coming,  N.  Y 

Crawfordsville,  Ind. 

Crete,  Nebr 

Danville.  Ill 

Dayton.  Ohio 

Du  Quoin.  Ill 

Durham,  N.  C 

East  Liverpool.  Ohio 

EaatTawas,  Mich 

Eaton,  Ohio 

Edinborough,  Pa 

EdwardsvUle,  111 

El  Dorado,  Kans 

Elk  City,  Kans 

Ellsworth,  Kans 

Emmetsburg,  Iowa 

Emporia,  Kans 

Fairbary,  Nebr 

Falls  City.  Nebr _ 

Pindlay,  Ohio 

Fonddu  Lao,  Wis 

Franklin,  Pa 

Frt»roont,  Ohio 

Fnltonville,  N.  Y 

Fort  Atkinnon,  Wis 

Oalcna,  Kans 

Oalllpolis.  Ohio 

Qeneseo.  Ill 

Gibson  City,  Ul 


8aint  Louis,  Mo. 
Lynchburg,  Va. 
Albany,  N.  Y. 
Qaint  Louis,  Mo. 
New  York  City. 
Saint  Louis,  Mo. 
Washington  City. 
Savannah.  Ga. 
Portland,  Me. 
Milwaukee,  Wis. 
Saint  Ix>ui8,  Mo. 
Baint  Louis,  Mo. 
Omaha,  Nebr. 
New  York  City. 
Chicago,  III. 
Saint  Louis,  Mo. 
I.iOuisville,  Ky. 
Saint  Louis.  Mo. 
Philadelphia,  Pa. 
Savannaii.  Oa. 
Saint  Louis,  Mo. 
Memphis,  Tcnn. 
Saint  Ix>ui8,  Mo. 
Saint  Louis,  Mo. 
Cleveland,  Ohio. 
Nashville,  Tenn. 
Chicago,  HI. 
Saint  Louis,  Mo. 
Saint  Louis,  Mo. 
Rochester.  N.  Y. 
Saint  Louis,  Mo. 
Saint  Louis,  Mo. 
Saint  Louis.  Mo. 
Albany,  N.  Y. 
Des  Moines,  Iowa. 
Saint  Louis,  Mo. 
Washington  City. 
Chicago,  111. 
Saint  Louis.  Mo. 
Cincinnati,  Ohio. 
Lynchburg,  Va. 
Saint  Louis,  Mo. 
Chicago,  111. 
Cincinnati,  Ohio. 
Saint  Louis,  Mo. 
Oswego,  N.  Y. 
Saint  Louis,  Mo. 
Saint  Louis,  Mo. 
Erie,  Pa. 
Rochester,  N.  Y. 
Indianapolis,  Ind. 
Omaha,  Nebr. 
Springfleld,  111. 
Cinoinnati,  Ohio. 
Saint  Louis,  Mo. 
Lynchburg,  Va. 
Pittsburg,  Pa. 
Detroit,  Mich. 
Cincinnati,  Ohio. 
Erie,  Pa. 
Saint  Louis,  Mo. 
Saint  Louis,  Mo. 
Saint  Louis,  Mo. 
Saint  Louis,  Mo. 
Des  Moines,  Iowa. 
Saint  Louis,  Mo. 
Omaha,  Nebr. 
Omaha,  Nebr. 
Toledo,  Ohio. 
Milwaukee.  Wis. 
PitUburg.  Pa. 
Toledo,  Ohio. 
Albany.  N.  Y. 
Milwaukee,  Wis. 
Saint  Louis,  Mo. 
Columbus,  Ohio. 
Chicago,  HI. 
Chicago,  HI. 


Name  of  city. 


Glaflgow,  Mo 

Glovenville.  N.  Y 

Greenville,  Mich 

Greenville,  8.  O 

Hannibal,  Mo 

Harlan,  Iowa 

Harper,  Kans 

Hastings,  Mich 

Haxelton,  Ind 

Helena,  Ark 

Hermann,  Mo 

Hoosick  Falls.  N.  Y 

HopkinsviUe,  Ky 

Hudson,  N.Y 

Huntington,  W.  Va 

Independence,  Kans. 

Iowa  City.  Iowa. 

.Tackson,  Mo , 

Jacksonville,  HI 

Johnstown,  N.  Y 

Joplin,  Mo 

.Junction  City.  Kans , 

Kansas  City,  Mo , 

Kendallville,  Ind 

Kennett  Square,  Pa 

KingstonTN.  Y 

Kirksville,  Mo 

Lafkyette,  HI 

LaGrahge,  Ind 

Ia  Porte,  Ind 

La  Salle,  111 

Latrobe,  Pa 

Laury's  Station,  Pa , 

Leipsic,  Ohio 

LigoTiier,  Ind 

Lindsey,  Ohio 

Louisiana,  Mo 

Ludington,  Mich 

logons,  Iowa 

Madison,  Ind. , 

Madison,  Wis 

Bfanchester,  Ohio , 

Manchester,  Tenn 

Manhattan,  Kans 

Manistique,  Mich , 

Marshall.  Mo 

Maysville,  Ky... 

McKeesport,  Pa , 

Meadville,  Pa 

Melvin,IIl 

Miami,  Mo 

Middletown,  Va 

MUan,  Tenn 

Minneapolis,  Kans 

Moberly.Mo 

Montpelier,  Ohio 

Montrose,  Mo 

Montrose,  Pa 

Mount  Vetnon,  Ind 

Mount  Vernon,  N.  Y. , 

Nelllsville,  Wis 

Nevada,  Mo , 

Newburg,N.Y 

New  Haven,  Mo 

New   Philadelphia, 
Ohio. 

North  Bangor,  N.  Y 

Northville,  N.  Y 

Odin,  111 

Ogdensburg,  N.  Y 

Oiiaty.Pa. 

Osa^e  City.  Kans 

Oshkosh.Wis 

Ottawa,  Kans 

Owensborough,  Ky 

Oxford,  Pa 

Oyster  Bay,  L.  I 

Palatka,  H^ 


Signal  Sorvioe  sta- 
tion from  which 
the  warnings  are 
telegraphed. 


Saint  Louis.  Mo. 
Albany,  N.  Y. 
Detroit,  Mich. 
Atlanta,  Ga. 
Saint  Louis,  Mo. 
Des  Moines,  Iowa. 
Saint  I^uis,  Mo. 
Detroit,  Mich. 
Indianapolis,  Ind. 
Memphis,  Tenn. 
Saint  Ix>uis,  Mo. 
Albany,  N.  Y. 
Nashville,  Teun. 
Albany,  N.  Y. 
Cincinnati,  Ohio. 
Saint  Louis,  Mo. 
Des  Moines,  Iowa. 
Saint  Ix>uia,  Mo. 
Saint  ]x>uis.  Mo. 
Albany,  N.  Y. 
Saint  Louis,  Mo. 
Saint  Louis,  Mo. 
Saint  Louis,  Mo. 
cniioago,Ill. 
Philadelphia,  Pa. 
Albany.  N.Y. 
Saint  Louis,  Mo. 
Ohioago,  111. 
Chioago,  HI. 
Ohioago,  HI. 
Chioago.  111. 
Pittsburg,  Pa. 
Philadelphia,  Pa. 
Toledo,  Ohio. 
Chicago,  111. 
Toledo.  Ohio. 
Saint  Ix>uis,  Mo. 
Detroit,  Mich. 
Chioago,  111. 
Indianapolis,  Ind. 
Washington  City. 
Cincinnati,  Ohio. 
Nashville,  Tenn. 
Saint  Louis,  Mo. 
Chicago,  HI. 
Saint  Louis,  Mo. 
Cincinnati,  Ohio. 
Pittsburg,  Pa. 
Pittsburg,  Pa. 
Obicaoo,  111. 
Saint  Louis,  Mo. 
Washington  City. 
Memphis,  Tenn. 
Saint  Ix>uis,  Mo. 
Saint  Louis,  Mo. 
Toledo,  Ohio. 
Saint  Ix>uis,  Mo. 
New  York  City. 
Indianapolis,  Ind. 
New  York  City. 
Milwaukee,  Wis. 
Saint  Louis,  Mo. 
New  York  City. 
Saint  Louis.  Mo. 
Cleveland,  Ohio. 

Oswego,  N.  Y. 
Albany,  N.  Y. 
Saint  Louis,  Mo. 
Oswego,  N.Y. 
Pittsburg,  Pa. 
Saint  Louis,  Mo. 
Milwaukee,  Wis. 
Saint  Louis,  Mo. 
Tx)uisvi]le,  Ky. 
Philadelphia,  Pa. 
New  York  City. 
Jftoksonville,  Fla. 
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List  of  cities  at  wlUch  the  cold-wave  signal  is  displayed,  ^c. — ^Continaed. 


Name  of  olty. 

Slnial  Service  sta- 
tion   from    which 
the  warnings  are 
telegraphed. 

Name  of  city. 

Siffnal   Service  sta- 
tion   from   which 
the  warnings  are 
telegraphed. 

Palmyra,  Mo 

Saint  Louis,  Mo. 
Saint  Louis,  Mo. 
Saint  Louis,  Mo. 
Saint  Louis,  Mo. 
New  York  City. 
New  York  City. 
Saint  Louis,  Mo. 
Chicago,  111. 
Washington  City. 
Saint  Louis,  Mo. 
Cincinnati,  Ohio. 
Saint  Xx>uis,  Mo. 
Saint  Louis,  Mo. 
Louisville,  Ky. 
Saint  Louis,  Mo. 
Nashville,  Tenn. 
Detroit,  Mich. 
Indianapolis,  Ind. 
Saint  liouis.  Ho. 
Louisville,  Ky. 
Washington  City. 
Cincinnati,  Ohio. 
Saint  Louis,  Mo. 
Pittoburg,  Pa. 
I^uisville,  Ky. 

ShelbyvUle,  111 

Southampton,  N.  Y.... 

South  Bethlehem,  Pa 

Stanberry,  Mo. 

Stevens  Point,  Wis 

Saint  Louis.  Mo. 

Pana,Il] » 

New  York  City. 

New  York  aty. 
Saint  Louis,  Mo. 
Milwaukee,  Wis. 

Parsons,  Kans ~ 

Passaic,  N.  J 

Paterson.  N.J 

Tamalco,  Ul , 

Taylorville.  IlL 

Saint  Louis,  Mo. 
Saint  liouis.  Mo. 

Peabodv.  lE^ns 

Peoria,  Til 

Terre  Haute.  Ind. 

Indianapolis,  Ind. 
Shreveport,  La. 
Jacksonville,  Pla. 

Petersbunr.  Va 

Texari^an*,  T^x.... 

Pierce  City.  Mo 

Thomasville.  Ga 

Plaua.  Ohio. 

Tiffin,  Ohio 

Toledo.  Ohio. 

Potosi.Mo ~ 

Topeka,  Ktmn , 

Saint  Louis.  Mo. 

Princeton.  Ind. ...•••.«.. 

Tracy  City,  Tenn 

Nashville,  Tenn. 

Princeton.  Ky ~ 

Trenton.  N.  J 

Philadelphia,  Pa. 
Albany,  N.  Y. 

Pulaski.  Ill - 

Utica,  N.  Y 

PulaskicTenn 

Valdosta,Ga 

Savannah.  Ga. 

Quincy.  Mich ~ 

Vandalia,Ill 

Vovav,  Ind 

Saint  Lotiis,  Mo. 

Richmond.  Ind 

Indianapolis,  Ind. 
Saint  Ix>ui8.  Mo. 
Saint  Louis,  Mo. 

Richmond,  Mo 

Richmond.  Ky.....^ ~ 

Villa 'Ridge,  111 «... 

Washington,  Mo 

Richmond,  Va. 

Watseka,  111 , 

Waynesborough,  Va. 

WellinRton,  Kans 

ChicBffO.Ill. 

KlpIey.Ohio 

Lynchburg,  Va. 
Saint  Louis,  Mo. 

Rolla.  Mo ~ 

RufTsDale,  Pa. 

Wost  Grove,  Pa 

West  Liberty,  Ohio 

Philadelphia,  Pa. 

Russellville,  Ky 

Saint  Albans.  Vt 

Sandusky,  Ohio. 

Albany,  N.  Y. 
Lynchburg,  Va. 
Saint  Louis,  Mo. 
Saint  liouis.  Mo. 
Rochester.  N.  Y. 
Saint  Louis,  Mo. 
Philadelphia,  Pa. 
Pittsburg,  Pa. 

Westminster.  Md 

Washington  City. 
Plttabunr,  Pa. 

Weston.  W.  Va. 

Salina,  Kans. 

Sedalia,  Mo 

Seneca  Falls,  N.  Y 

Wilkes  Barre^a 

Wilmington,  Del 

Wilmington,  Ohio 

Woodbine,  Iowa..... 

i  Wooster.  Ohio 

Philadelphia,  Pa. 
PhUadelphia.  Pa. 
Cincinnati,  Ohio. 

Seneca,  Kans 

Rhamokin.Pa 

Chicago,  111. 
Cleveland.  Ohio. 

Sharon,  Pa. 

York,  Pa - 

Washington  City. 

Total,  221. 

Grand  total  of  United  States  Signal  Service  stations  and  cities  at  which  the  oold-wave 
signal  is  displayed  and  warnings  of  approaching  cold  waves  are  telegraphed  at  the  ex- 
expense  of  the  United  States,  290. 

In  conclnsion,  I  would  state  that  information  of  the  approach  of  each  cold  wave  reaches 
folly  15,000,000  people  throngh  the  display  of  the  signal,  the  oo-operation  of  railroad, 
telegraph,  and  telephone  companies,  and  the  pablication  of  the  warnings  in  all  the  leading 
newspapers  of  the  country.  It  would  be  an  endless  task  to  attempt  to  enumerate  all 
the  benefits  accruing  to  this  large  number  of  persons  (very  many  of  whom  are  engaged 
in  business  enterprises  of  great  magnitude)  by  being  forewarned  from  twenty-four  to 
forty-eight  hours  of  the  approach  of  a  sadden  and  decided  fall  in  temperature.  Suffi- 
cient data  have  been  given  in  the  body  of  this  report  to  impress  upon  every  one  the  im* 
portance  and  value  of  this  work  of  the  Signal  Service,  and  it  is  hoped  that  future  ap- 
propriations by  Congress  will  be  made  upon  such  a  liberal  scale  as  will  admit  of  the 
extension  of  this  system  to  every  town  in  the  United  States  desirous  of  obtaining  the 
information.  Many  citizens  signified  their  willingness  to  purchase  flags  and  display 
them  at  their  own  expense  if  the  service  would  tel^raph  the  warnings;  but  the  appro- 
priation available  for  t^is  purpose  during  the  past  season  was  not  sufficient  to  meet  these 
demands. 

I  recommend  that  the  sum  of  $5,000,  to  be  expended  in  the  extension  of  the  system 
of  cold- wave  warnings,  be  added  to  the  estimates  for  the  fiscal  year  ending  June  30, 
1888,  to  defray  cost  of  telegraphing  the  warnings  to  the  large  number  of  persons  desir- 
ing them  and  who  will  co-operate  with  this  service  by  displaying  the  oold-wave  signal 
at  their  own  expense. 

Very  respectfully,  your  obedient  servant, 

F.  R.  DAY, 
Second  Lieutenant,  Signal  Corps,  U.  &  Army, 


APPENDIX  5. 
REPORT  ON  WEATHER  AND  TEMPERATURE  SIGNALS. 

Signal  Office,  Was  Dbpabtmbnt, 

WashingUm  City,  June  30,  1886. 

Sib:  I  have  the  honor  to  make  the  following  report  apon  the  work  performed  daring 
the  year  ending  Jane  30,  1886,  in  connection  with  the  ^stem  of  weather  and  temper- 
ature signalB: 

This  system  was  inaagorated  to  meet  the  argent  demands  of  a  very  large  number  of 
persons  in  small  cities  for  information  of  changes  in  weather  and  temperatare. 

The  signals  consist  of  six  flags,  not  leas  than  6  feet  sqaare,  of  the  following  colors: 


No.  1.  White  flag  with  lar^e  red  son  in  center,  to  indicate  "higher 
temperature,"  or  warmer  weather. 


No.  2.  White  flag  with  red  crescent  in  center,  to  indicate  **  lower 
temperatare,"  or  cooler  weather. 


No.  3.  White  flag  with  red  star  in  center,  to  indicate  "stationary 
temperature." 


No.  4:  White  flag  with  large  blue  sun  in  center,  to  indicate  *'gen- 
end  rain  (or  snow)." 
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No.  5.  White  flag  with  blae  crescent  in  center,  to  indicate  ''dear  or 
fiiir  weather." 


No.  6.  White  flag  with  bine  star  in  center,  to  indicate  ''local  rain  (or 
snow)." 


In  dlBplaying  weather  and  temperature  signals  only  two  flags  are  hoisted  at  one  time 
If  more  than  one  kind  of  weather  or  temperature  is  predicted,  the  last-named  kind  decides 
whidi  flag  to  hoist 

The  position  of  the  flags  in  any  hoist  has  no  signiflcance,  as  each  flag  designates  a  spe- 
dflc  condition  of  weather  or  temperature  in  whateyer  position  it  may  be  placed. 

During  a  calm,  or  when  the  wind  is  light,,  the  signals  cannot  be  readily  distinguished 
if  attached  to  the  side  of  the  staff,  but  when  they  are  hung,  as  shown  by  the  blue^tar 
Slimed  in  the  aboye  cut,  they  are  plainly  visible  during  any  velodty  of  wind. 

The  "  indications  *  *  of  the  weather  and  temperature  for  the  ensuing  thirty-two  hours  are 
telegraphed  daily  by  this  office  at  1  a.  m.,  to  stations  of  the  Sigmd  Service,  and  these 
"  indications  '*  are  again  telegraphed  immediately  by  the  observer  to  the  towns  within 
their  respective  districts,  where  the  signals  are  displayed  for  the  beneflt  of  the  public 

The  telegrams  are  sent  at  the  expense  of  the  United  States,  but  the  flag?  are  furnished 
by  the  persons  by  whom  they  are  displayed.  As  a  complete  set  of  flags  costs  not  less  than 
$13,  and  as  these  signals  are  daily  displayed  at  three  hundred  and  fifteen  towns  through- 
out the  United  States  by  public-spirited  dtizens,  who  have  assumed  this  expense,  and 
who  send  the  information  to  surrounding  towns  where  signals  are  displayed,  making  not 
less  than  one  thousand  places  at  which  uie  display  is  made,  there  is  no  further  testimony 
needed  to  prove  the  popularity  and  utility  of  the  system. 

On  May  20,  1886,  the  following  letter  was  sent  to  each  person  who  displays  these 
signals: 

' '  Deab  Sib:  This  office  being  desirous  of  obtaining  your  opinion  as  to  the  value  to  your 
dtizens  of  the  weather  and  temperature  dgnals,  with  a  view  to  making  needed  correc- 
tions or  additions  to  this  important  work  of  the  Signal  Service,  I  have  the  honor  to 
request  that  you  will  answer,  as  fiEir  as  practicable,  the  following  questions: 
''(1)  Do  &e  signals,  as  displayed,  ^ve  satisfiiction? 
"  (2)  Can  the  signals,  as  displayed,  oe  readily  distinguished  ? 

"  (3)  Have  complaints  been  made  as  to  the  meaning  of  the  flags;  that  is,  is  their  mean- 
ing perfectly  intelligible? 

"I  should  also  be  pleased  to  recdve  any  suggestions  as  to  any  change  which,  in  your 
view,  would  be  an  improvement;  with  the  understanding,  however,  that  no  diange  will 
be  miade  in  the  present  system  of  symbols. 

"  I  am,  very  respectftdly,  your  obedient  servant, 

"W.  B.  HAZEN, 
''Brig,  and  BvL  Maj,  Gen.,  Chi^  Signal  Officer,  V.  8.  Armg.'' 

Two  hundred  and  fifty  replies  were  received  to  this  communication,  indicating  that  * 
the  weather  and  temperature  signals  give  the  greatest  satis&ction  to  the  inhabitants  of 
the  towns  in  which  they  are  di^layed.    An  example  (given  below)  of  the  many  letters 
received  will  serve  to  illustrate  this  fiust: 

"  Vevay,  Ind.,  May  25,  1886. 
"Gen.  W.  B.  Hazek, 

'*  Chief  Signal  Officer,  U.  8.  A.  : 

"Sib:  I  have  the  honor  to  acknowledge  the  reodpt  of  your  esteemed  communication 
of  the  20th  instant  in  reoard  to  the  opinion  and  vidue  placed  by  the  pubUc  on  tiie  daily 
display  of  the  weather  Ad  temperature  signals  at  this  station. 
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*'  In  reply,  I  have  the  pleasure  to  infonnyon  tliat  not  only  the  citizens  at  this  station, 
bnt  also  ihoee  in  the  adjacent  parts  of  the  oonnty  and  the  opposite  Ohio  Biver  county 
of  Carroll,  Kentucky,  regard  the  daily  display  of  the  signals  of  the  highest  benefit,  and 
are  unanimous  in  their  praise  of  the  '  astonishing  ftilfillment '  of  the  predictions.  The 
community  watch  with  easer  expectation  every  morning  the  display  of  the  symbols  and 
arrange  their  affiiirs  accoidmgly.  The  merdiants,  mechanics,  and  farmers  attest  their 
fullest  confidence  in  them,  and  rarely  are  they  disappointed.  During  the  past  two 
stormy  weeks  much  unnecessaiy  work  has  been  avoided  by  timely  warning;  indeed  I 
can  speak  without  hesitation  of  the  universal  confidence  and  appreciation  by  the  pub- 
lic of  this  important  branch  of  the  Signal  Service  of  the  Army. 

**  In  reply  to  the  proposed  questions,  viz. : 

'*  (1)  Do  the  signals  as  displayed  give  satisfaction? — I  have  already  answered  in  the 
affirmative  in  the  introduction  of  this  letter,  but  in  addition  would  mention  that  even 
domestic  duties  are  made  dependent  on  the  indications;  tiiere  is  scarcely  a  dwelling  in 
this  city  without  the  symbol  card  and  interpretation  in  a  conspicuous  plara  near  the 
window  commanding  a  view  of  the  fla«-staill 

*'  (2)  Can  the  sigiuJs  as  displayed  be  readily  distinguished  ? — ^Yes;  they  are  visible  in 
nearly  every  section  of  the  aty,  suburbs,  and  shores  on  the  Ohio  River  up  and  down 
stream;  by  the  aid  of  a  marine-glass  or  small  telescope  they  appear  plainly  three  miles 
back  of  the  Ohio  River  in  Kentucky,  a  privilege  of  which  several  prominent  farmers 
avail  themselves  and  impart  the  information  to  their  neighbors;  the  captains  of  all  pass- 
ing steamers  recognize  the  symbols. 

*'  (3)  Have  complaints  been  made  as  to  the  meaning  of  the  flags,  that  is,  is  their  mean- 
ing perfectly  intelligible? — ^No  complaint  has  been  heard  from  any  source  whatever;  the 
system  of  the  symbols;  their  decidedly  distinct  character — red  for  temperature,  blue  for 
weather,  operate  so  perfectly  and  has  become  so  familiar  that  a  substitution  of  any 
other  device  would  have  a  tendency  to  confuse  and  impair  for  some  length  of  time  the 
object  for  their  display. 

*^  The  children  in  oar  public  schools  are  as  familiar  with  the  symbols  and  their  inter- 
pretation as  they  are  wiUi  the  alphabet. 

**  In  my  humble  judgment  any  innovation  in  the  present  admiiable  code  would,  I  fear, 
prove  detrimental  to  the  Signal  Service  of  the  Army. 

"  I  am,  very  respectftilly,  your  obedient  servant, 

"CHAS.  G.  BOERNER, 

•*06«enwr." 

In  addition  to  the  system  of  fiag-signals,  symbols  of  the  same  shape,  color,  and  mean- 
ing are  used  by  a  number  of  railroad  companies  ior  display  from  the  sides  of  baggage 


The  railway  weather  and  temperature  signals  consist  of  seven  symbols  for  indicating 
the  changes  in  the  weather  and  temperature,  as  follows: 


No.  1.  Large  red  sun,  to  indicate  * 'higher  temperature,"  or  wanner 
weather. 


No.  2.  Red  crescent,  to  indicate '  'lower  temperature, ' '  or  colder  weather. 


No.  3.  Red  star,  to  indicate  "stationary  temperature.'' 


No.  4.  Large  blue  sun,  to  indicate  "general  rain  (or  snow).'' 


134 


BEPOBT  OF   THE   CHIEF   SIGNAL   OFFICES. 


^o.  5.  Blae  creBoent,  to  indicate  ''clear  or  fiur  weather. 


17 


No.  6.  Blue  star,  to  indicate  ''local  rain  (or  snow)." 


No.  7.  Black  square  on  white  ground,  to  indicate  the  '*  approach  ot 
a  cold  waye.'' 


The  method  adopted  for  the  display  of  these  symbols  on  nil  way  trains  is  as  follows: 

Seven  tin,  or  sheet-iron,  disks  are  made  (in  duplicate)  each  three  feet  square,  and 
painted  white.  The  proper  symbols,  as  shown  aboTe,  are  painted  qp  the  disks,  the  sym- 
bol reaching  to  within  six  inches  of  the  top  and  bottom.  The  disks  are  securely  attached 
to  each  side  of  the  baggage  cars  by  means  of  cleats,  or  a  slide,  for  holding  three  sides  of 
the  disk.  These  slides  are  long  enough  to  admit  two  symbols,  one  above  the  other,  one 
indicating  the  temperature  and  the  other  the  weather.  When  warning  is  given  of  the 
approach  of  a  cold  wave,  the  cold- wave  symbol  takes  the  place  of  the  temperature  symbol. 

The  disks  are  in  chaige  of  the  baggage-master,  and  he  places  them  in  position  on  the 
sides  of  the  baggage  cars  when  the '  *  Indications ' '  are  received.  They  are  changed  at  the 
expiration  of  each  twenty-four  hours. 

When  the  roads  are  long,  running  through  two  or  more  States,  for  each  of  which 
special  predictions  are  made,  the  "  Indications ''  are  telegraphed  by  the  railroad  officials 
to  selected  points  along  the  line  of  the  road,  and  the  symbols  are  changed  by  the  baggage- 
masters  to  conform  to  the  *'  Indications  "  for  those  States,  respectively. 

The  system  above  outlined  is  simple  and  inexpensive.  It  is  in  successful  operation  on 
a  number  of  nulroads  throughout  the  country,  and  is  considered  as  being  very  ofiective 
in  disseminating  the  information  furnished  by  the  Uuited  States  Signal  Service.  A  very 
large  number  of  people  receive  the  benefit  of  the  weather  forecasts  in  this  way,  who 
otherwise  would  not  be  able  to  obtain  them. 

The  Alabama  State  Weather  Service,  which  co-operates  with  the  Signal  Service,  has 
adopted  the  system  of  weather  and  temperature  signals  given  below.  This  system  is  very 
extensively  used  throughout  the  States  of  Alabama,  Florida,  Georgia,  and  Missiasippi. 


No.  1.  White  flag,  indicates  &ir  or  clear  weather. 


1 


No.  2.  Orange  flag,  indicates  local  rains. 
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No.  3.  Blae  flag,  indicates  general  raina 


No.  4.  Black  tfiioDgalar  flag,  refers  always  to  temperature. 


No.  5.  (United  States  Signal  Seryice  Cold-Wave  Signal)  white  flag 
with  black  square  in  center,  indicates  the  approach  of  a  cold  wave,  t. 
e.,  a  sadden  and  decided  fall  in  temperatnre.  This  signal  is  usually 
ordered  at  least  twenty-four  hours  in  adyance  of  the  arriyal  of  the 
cold-wave.  It  will  not  be  displayed  unleas  a  temperature  of  forty- 
five  degrees,  or  less,  is  expected. 


Flag  No.  4  (black  triangular-shaped)  hy  its  position  indicates  the  temperature  to  be 
expected.  When  display^,  it  is  either  above  or  below  the  other  flags.  When  placed 
above  Noe.  1,  2,  or  3  it  indicates  rising  temperature,  or  warmer  weather;  when  placed 
below  flagi  Nos.  1,  2,  or  3,  as  the  case  may  be,  it  indicates  falling  temperature,  or  colder- 
weather;  its  absence  iVom  the  pole  indicates  stationaiy  temperatnre  (t.  e.,  no  material 
change  firom  the  temperature  of  the  previous  day). 

EXAHPUDS  OF  DI8PLATS. 

If  "cooler,  fiur  weather"  is  predicted,  flags  1  and  4  are  hoisted  with  No.  1  uppermost 

If  "general  rains  and  higher  temperature ''  is  predicted,  then  flags  3  and  4  are  dis- 
played, with  No.  4  uppermost. 

If  "  stationary  temperatnre  and  general  rains,  followed  by  cooler,  clear  weather"  is 
predicted,  No.  3  is  hoisted  (with  a  space)  and  No.  1,  with  No.  4  below  it. 

When  displayed  on  a  flag-pole  the  signals  are  arranged  so  as  to  read  downward. 

Tike  following  is  the  list  of  towns  at  which  the  weather  and  temperature  signals  are 
displayed  daily: 


Towns. 

Towns. 

Towns. 

Abilene,  Kant. 

B{Uinfcs.Ho. 

CarroUton,  Mo. 

Allmny.N.Y. 

Bloomfleld,  N.  J. 

Catskill,N.Y. 

Anentown,P». 

Blanchester,  Ohio. 

Carthage,  Mo. 
Centralia,  111. 

Arrow  Bock.  Mb. 

Boonvllle.  Mo. 

Amaterdam,  N.  Y. 

Bolivar,  Mo. 

Cedar  Bapids.  Iowa. 
Chamnaign,  111. 
Chambersbuiv,  Pa. 
Charleston,  W.  Va. 

Asbary  Park,  N.J. 

Bowling  Green,  Mo. 
Bordentown,  N.  J. 

Aahkmd,  Nebr. 

Ashley,  lU. 

Brookings,  Dak. 

AthensjTenn. 
Attioa,  Kans. 

Bridgeport,  111. 

Charleston,  Mo. 

Brunswick,  Mo. 

Chester,  111. 
Charlottesville,  Va. 

Anbnm.  Ala. 

Brownsville,  Tenn. 

Austin,  Tex. 

Burbank.Ohio. 

Chillieothe,  111. 

Anbam,  Ind. 

Bunker  Hill,  111. 

Chetopa,  Kans. 

Bath,  Me. 

Butler,  Ind. 

Chrdeville,  Ohio. 

Balnbridge,Oa. 

Burkesville,K7. 

Chillieothe,  Ohio. 

Beaver  Dam,  IVto. 

Cambridge,  Ohio. 

Clarksvllle,  Tenn. 

BeatrUse,Mebr. 

Caldwell,  Kans. 

CUrksbunr,W.  Va.. 
Clayton,  N.Y. 

Belleme,Ohio. 

Canandalgiia,  N.  Y. 

BelleTille,  111. 

Cameron,  Mo. 
Canton,  Ohio. 

Clay  Centre,  Kans. 

Bethlehem,  Pa. 

Clinton,  Mo. 

BeloH,  Kana. 

Canton,  M». 

Clinton,  Iowa. 

Blair,  Nebr. 

Carterville,  Mo. 

Collinsville,Ill. 
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Towns. 


Ck>bd«n,  m. 
Columbia,  Tenn. 
Columbia,  Mo. 
Columbus,  Nebr. 
Columbus,  Ind. 
Oonneaut.  Ohio. 
Columbus.  Ohio. 
Cominsr.  N.  Y. 
ConnelWille.  Pa. 

Ssbooton,  Ohio, 
rsloana.  Tex. 
CrawfordsTille.  Ind. 
Covington,  Va. 
Covint[tou,  Ohio. 
Crete,Nebr. 
Cumberland,  Md. 
Dal'.as,  Tez. 
Danville.  111. 
Dayton,  Ohio. 
Deoatur,  111. 
Deflanoe.  Ohio. 
Deni9on,Tez. 
Du  Quoin.  111. 
Durham.  N.  C. 
East.  LWerpool,  Ohio. 
Eastman.  Ga. 
East  Tawas,  Mich. 
Eaton,  Ohio. 
Edinborouffh,  Pa. 
Edwardsvilie,  111. 
EJ  Dorado,  Kaiis. 
Elk  City,  Kans. 
FXlsworth.  Kans. 
Emmetsburg,  lotva. 
Emporia.  Kans. 
Bvansville.  Ind. 
Palrbury,  Nebr. 
Pairfkz,  C.  H.,  Va. 
Palis  City,  Nebr. 
Payetteville.  Tenn. 
PIndlay,  Ohio. 
Pond  du  Lao,  Wis. 
Port  Atkinson,  Wis. 
Port  Mason,  Pla. 
Port  Worth,  Tez. 
Pranklin.  N.  Y. 
Premont,  Ohio. 
Pultonham,  Ohio. 
Pultonville.N.Y. 
Gainesville,  Tez. 
Galena,  Kans. 
Gallatin.  Tenn. 
Gallipolis.  Ohio. 
Gkhrrett,  Ind. 
G^neseo,  111. 
Geneva,  Ohio. 
Gibson  City,  Dl. 
Gloversville,  N.  Y. 
Grand  Island,  Nebr. 
Greenville.  S.  C. 
Hagerstown,  Md. 
Hamilton.  Ohio. 
Hannibal,  Mo. 
Harian,  Iowa. 
Harper,  Kans. 
Hastings,  Mich. 
Hasleton,  Ind. 
Helena,  Ark. 
Hertnann,  Mo. 
Hillsborough,  Ohio. 
Hobart,  N.  Y. 
Hooaiok  Palls,  N.Y. 
Hopkinsville.  Ky. 
Hudson.  N.  Y. 
Hutchinson.  Kans. 
Huntington,  W.  Va. 
Independence,  Kans. 
Iowa  City,  Iowa. 
Ironton,  Ohio. 
Jackson,  Mo. 
Jackson,  Tenn. 
Jacksonville,  lU. 
Jessup,  Ga. 
Johnson  City,  Tenn. 


Towns. 


Johnston,  N.  Y. 
Joplin,  Mo. 
Junction  City,  Kans. 
Juniata,  Nebr. 
Kendallville,  Ind. 
Kennett  Square,  Pa. 
Kingston,  N.  Y. 
Kirksville,  Mo. . 
La  Payette,  HI. 
La  Grange,  Ind. 
La  Porte.  Ind. 
La  Salle,  UK 
lAtrobe.  Pa. 
Laury*s  Station,  Pa. 
Lawrenceburg.  Ind. 
Lawrence.  Kans. 
Lebanon.  Mo. 
Lelpsic,  Ohio. 
Lezlngton,  Ky. 
Lezington.  Tenn. 
Lezington.  Va. 
Ligonier.  Ind. 
Lincoln,  Nebr. 
Lindsey,  Ohio. 
Loudon,  Tenn. 
Louisville,  Nebr. 
Ludington,  Mich. 
Lyons,  Iowa. 
Madison.  Ind. 
Malone,  N.  Y. 
BCandtiester,  Ohio. 
Manistique.  Mich. 
Mansfield.  Ohio. 
Marietta,  Ohio. 
Marshall,  Ma 
Bfattoon,  111. 
MairsviUe.  Kv. 
McConnellsville,  Ohio. 
McKeenport,  Pa. 
Meadville.  Pft. 
Melvin,  111. 
Miami,  Mo. 
Middletown«Va. 
Milan,  Tenn. 
Minneapolis,  Kans. 
Minneapolis,  Minn. 
Moberly.  Mo. 
Montpelier.  Ohio. 
Montrose,  Mo. 
Montrose.  Pa. 
Morristown,  Ohio. 
Mount  Carmel,  111. 
Mount  Pleasant.  Pa. 
Mount  Vernon,  Ind. 
Mount  Vernon,  N.  Y. 
Mount  Vernon,  Ohio. 
Murfreesborough,  Tenn. 
Nebraska  Citv,  Nebr. 
NeiUsville.  Wis. 
Nevada,  Mo. 
Newark,  N.J. 
Newburg,  N.  Y. 
Newcomerstown,  Ohio. 
New  Haven,  Mo. 
New  Middleton,  Tenn. 
New  Philadelphia,  Ohio. 
New  York  City,  N.Y. 
Norristown,  P*. 
North  Bangor,  N.  Y. 
Northvllle,N.Y. 
Odin,  m. 

Ogdensburg,  N.  Y. 
Oil  City,  Pa. 
01ney,Ill. 
Osage  City,  Kans. 
OBhkosh.Wis. 
Ottawa.  Kans. 
Owensborough,  Ky. 
Ozford.  Pa. 
Oyster  Bay.  L.  I. 
Paducah,  Ky. 
Palatka,  Pla. 
Palmyra,  Mo. 
Pftna,IU. 


Towns. 


Paris,  ni. 

Parkeraburg.  W.  Va. 
Parsons.  Kans. 
Passaic,  N.  J. 
I^terson.N.J. 
Peabody.  Kans. 
Peoria,  HI. 
Pierce  City,  Mo. 
Piqua,  Ohio. 
Pomeroy.  Ohio. 
Pontiac,  Mich. 
Portsmouth.  Ohio. 
Princeton,  Ind. 
Princeton,  Ky. 
Pulaski.  III. 
Quin<^,  Mich. 
Bichmond.  Ind. 
Ridunond,  Mo. 
Richmond,  Ky. 
Ripley.  Ohio. 
Rochester,  N.Y. 
Ruff's  Dale,  Pa. 
Russellville.  Ky. 
Saint  Albans.  Vt. 
Saint  Clairavilie.  Ohia 
Saint  Joseph,  Mo. 
Salem,  N.C. 
Saliha,Kana. 
Sarcozie.  Mo. 
Sedalia,  Mo. 
Seneca  Palls,  N.  Y. 
Seneca,  Kans. 
Seymour,  Ind. 
Shamokin,  Pa. 
Shaaon,  Pa. 
Shelbyville,  Tenn. 
Shreveport,  La. 
Someraet,  Pa. 
Southampton.  N.  Y. 
Springfield,  Tenn. 
Stanberry,  Mo. 
Staunton,  Va. 
Steuben  viile,  Olilo. 
Steven's  Point.  Wis. 
Stromsburg.  Nebr. 
Syracuse,  N.  Y. 
Talladega.  Ala. 
Tamalco,  111. 
TaylorvillcUl. 
Terre  Haute.  Ind. 
Tezarknna,  Tez. 
ThomasvillcGa. 
Tidiouto,  Pa. 
Tiffin,  Ohio. 
Topeka.  Kans. 
Tracy  City,  Tenn. 
Trenton,  N.  J. 
Trenton,  Tenn. 
Union  City,  Tenn. 
Uniontown,  Pa. 
Urbana,  Ohio. 
Utica,N.Y. 
Valdosta«Ga. 
Vandalia,Ill. 
Vevay.  Ind. 
Villa  Ridge,  ni. 
Vincennes.  Ind. 
Washington,  Mo. 
Washington,  Pa. 
Watseka,  III. 
Wauseon.Ohio. 
Waynesborough,  Va. 
West  Grove,  Pa. 
West  Liberty.  Ohio. 
Weston,  W.Va. 
Wheeling.  W.Va. 
Wilkesbarre.  Pa. 
Wilmington.  Del. 
Wilmington.  Ohio. 
Woodbine.  I<fwa. 
York,  Nebr. 
Youngntown.  Ohio. 
Zanesvi  lie,  Ohio. 
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Over  1,500  commanicutioDS  on  the  subject  of  weather  aud  temperatare  sigualM  have 
been  received  and  acted  upon  by  this  office  daring  the  year,  and  the  display  of  the  sig- 
nals has  been  established  m  315  towns  since  July  1,  1885.  It  is  believed  that  fully 
300,000  cards,  containing  the  symbols  in  colors,  with  an  explanation  of  their  meaning, 
have  been  circulated  by  private  enterprise  in  tho  towns  wherein  the  signals  are  displayed. 
In  the  city  of  Bloomington,  111.,  alone  40,000  cards  were  thas  issued. 

It  is  estimated  that  several  millions  of  people  are  daily  informed  of  the  coming  changes 
in  weather  and  temperature  through  the  medium  of  these  signals. 

The  success  attending  the  introduction  of  the  system  and  the  progress  made  during 
the  year  in  establishing  points  of  display,  together  with  the  £ict  that  large  sums  of 
money  have  been  expended  by  interested  citizens  in  the  purchase  of  flags  and  in  provid- 
ing means  for  their  proper  display,  indicate  the  great  interest  manifested  by  the  public 
in  this  class  of  Signal  ^rvioe  work. 

I  recommend  that  the  sum  of  $10,000  additional  be  included  in  the  estimates  for  the 
fisoal  year  ending  June  30,  1888,  to  i>ay  the  cost  of  telegraphing  the  'Mndications^'  to 
persons  desirous  of  displaying  these  signals. 

Very  respectfully,  your  obedient  servant, 

F.  R.  DAY, 
Second  Lieutenant f  Signal  Corjw^  U,  S,  Arm$, 

The  Chief  Signal  Officer  of  the  Army, 

Washington^  2>.  C 


APPENDIX    6. 

REPORT  OF  THE  OFFICER  IN  CHARGE  OF  THE  PACIFIC  COAST  DIVISION 

OF  THE  SIGNAL  SERVICE. 

Signal  Office,  Division  of  thb  Pacific, 

San  Francisco,  Col,  July  10,  1886. 

Sib:  I  have  the  honor  to  submit  as  my  annual  report  the  following  operations  of  the 
racific  coast  division  of  tho  Signal  Service  from  July  1,  1885,  to  June  30, 1886: 
The  work  of  this  division  includes: 

(1)  Forecasts  of  weather  for  next  thirfy-two  hours,  from  noon  and  8  p.  m.,  Pacilic 
time,  daily. 

(2)  Issuing  of  special  bulletins  at  end  of  each  month,  giving  a  general  synopsis  of  wea- 
ther conditions  and  occurrences  for  the  month  then  just  post. 

(3)  Ordering  cautionary  signals  at  the  designated  ports  from  the  northern  to  the  south- 
ern boundary  lines. 

(4)  Collection  and  dissemination  of  meteorological  data  of  interest  to  the  people  of  the 
Pacific  coast  States. 

(5)  Study  of  meteorology,  especially  of  the  Pacific  coast,  as  will  develop  the  work  and 
science  to  its  greatest  useful  application  to  commerce  and  agriculture. 

(G)  Practice  of  military  sigxialing. 

Tho  itcrsonnel  of  the  division  is  shown  in  the  aasompanying  Table  L  It  will  be  seen 
therefrom  that  I  have  but  two  derical  assistants,  and  one  is  only  with  me  part  of  the 
time.  I  most  urgently  recommend  that  some  distribution  of  the  derical  force  be  made 
so  as  to  equalize  the  work  between  this  and  other  divisions  or  stations.  Any  man  who 
makes  scientific  meteorology  a  study  must  depend  largely  upon  tabulated  data,  and 
such  tabulation  requires  clerical  work,  and  suffident  force  shoidd  be  available  as  will 
allow  the  assistant  in  chaige  to  devote  his  time  to  study  of  methods  by  which  results 
and  the  laws  regulating  them  are  to  be  found.  He  should  be  the  ardiitect  and  builder 
of  a  scientific  structure,  without  being  forced  to  waste  hiseneigies  as  a  simple  carpenter. 

The  office  remains  in  the  very  central  and  convenient  phue  in  the  Western  Union 
Telegraph  Building.  Its  removal  to  the  rooms  set  apart  for  the  Signal  Service  in  tho 
custom-house  building,  and  the  consolidation  with  the  observer's  office,  which  is  now 
separate,  was  reconunended  during  the  year.  Such  change,  while  a  removal  from  the 
center  of  the  dty,  would  be  a  measure  of  economy  to  the  extent  of  $480  for  rents  alone 
per  year  when  once  effected.  The  service  has  at  this  place  a  creditable  complement  of 
furniture  and  facilities,  making  a  good  exhibit  of  Signal  Service  work.  During  the  year 
and  upon  my  request  several  self-registering  instruments  have  been  added  to  the  display 
of  the  office,  giving  attraction  and  instruction  to  visitors. 

It  has  been  said  that  it  could  hardly  be  hoped  that  as  successful  weather  forecasts 
could  be  made  for  the  Pacific  as  for  the  Atlantic  ooast,owing  to  changes  always  coming 
from  the  west,  we  having  no  fiontier  of  observations.  Table  II  of  percentages,  appended, 
obtained  by  applying  rigidly  the  usual  rules,  shows  the  result  of  the  work  for  each  month. 
It  has  been  observed  that  weather  areas  work  up  and  down  the  coast,  and  when  estab- 
lished they  continue  with  considerable  permanence.  A  paper  vrith  diarts  has  been  pre- 
pared by  me  giving  a  review  of  the  weather  for  t^e  past  year,  and  certain  weather  types 
illustrating  this  feature  of  Pacific  coast  dimate.  An  examination  of  the  table  will  re^neal 
some  peculiarities  as  to  the  result  of  prediction,  the  most  striking  being  the  high  percent- 
ages d  uring  the  nearly  rainless  months  of  the  summer  and  occasion^y  during  the  winter, 
notably  during  February,  1886.  Special  predictions  have  been  made  for  forty-eight 
and  sometimes  more  hours  in  advance,  but  in  su(^  cases  the  charts  have  shown  peculiar 
permanent  types.  Such  predictions  are  regarded  perfectly  safe  under  the  drcumstanoes, 
and  it  is  during  such  periods  that  much  gcwd  can  be  done  for  coast  vessels  by  foretelling 
weather  and  wind. 

These  predictions  would  supply  a  demand  of  commerce  that  the  cautionaiy  signal  sys- 
tem docs  not  reach,  and  the  result  is  susceptible  of  study  and  verification  from  vessel 
reports  and  also  from  observations  made  by  the  light-house  service  on  the  coast  line.    It 
is  olao,  however,  found  that  predlotioni  for  thirty-two  hoon  are  ■ometimei  gnesa-work,  ai 
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changes  come  so  saddenly  from  an  unobserved  field,  the  ocean,  that  all  view  of  the  me- 
teorological fatore  is  shat  out.  The  element  of  winds  on  this  coast  is  also  an  uncertain 
ODC)  for  topography  and  proximity  to  the  ocean  create  as  various  winds  as  is  the  num- 
her  of  climatic  districts;  ibr  instance,  on  the  shore  lino  sea  breeze,  in  the  Sacramento 
Valley  southerly,  in  the  San  Joaquin  Valley  northerly  winds  blow  at  the  same  time. 
Sach  is  the  variety  of  locations  and  so  constant  are  the  winds  at  each  that  under  a  gen- 
eral prediction  for  a  large  area  of  country  it  is  impossible  oftentimes  to  include  them  ; 
hence  the  advisability  of  prediction  of  wind  in  certain  cases  only.  The  prediction  of 
changes  in  temperature  appears  uncertain  and  difficult  on  account  of  the  absence  of  the 
BQccessive  march  of  high  and  low  pressure  araos,  which  axe  the  usual  phenomena  that 
oecasion  such  dianges  east  of  the  Roclcy  Mountains. 

Table  III  shows  the  distribution  of  the  reports  of  this  office,  which  includes  all  the 
important  daily  x>apers  of  this  coast.    A  daily  circulation  of  over  135,000  is  shown. 

The  special  monthly  bulletin,  givingasummary  of  temperature,  monthly  and  seasonal 
luinfall,  and  other  general  notes,  is  issued,  and  published  in  the  important  papers  of 
the  State,  and  is  a  feature  appreciated.  This  bulletin  is  deduced  from  data  collected  by 
telegraph  from  the  Signal  Service  and  railroad  stations.  A  more  complete  system  of 
reports  for  this  purpose  is  not  at  the  command  of  any  other  State  in  the  Union.  It  was 
commenced  in  January. 

The  introduction  of  the  cautionaiy  signal  system  has  been  well  received.  Table  IV 
shows  the  number  of  days  in  which  storms  occurred,  days  with  or  without  signals,  and 
nnmber  of  days  signals  were  displayed  vnthout  any  storm.  This  statement  shows  the 
value  of  the  work  much  better  than  considering  the  justification  of  each  signal.  How- 
ever, the  number  of  signals  ordered  during  the  year  was  47,  of  which  41  were  justified, 
making  a  percentage  of  87.2  by  the  usual  method  of  verification.  This  is  considering 
as  not  justified  those  orders  to  the  Puget  Sound  ports  from  which  no  reports  were  re- 
ceived. It  e^ould  be  observed  that  for  many  storms  included  in  the  statement,  they 
occur  during  the  summer  months^  and  are  improperly  called  **  northwest  trades,"  and 
for  which  no  benefit  would  come  by  ordering  signals.  The  supply  of  anemometers  and 
Relf-registers  is  recommended  for  Astoria,  Port  Townsend,  Seattle,  and  Tacoma,  to  ena- 
ble this  office  to  ascertain  by  recorded  velocities  the  value  of  displays  at  Puget  Sound 
porta. 

As  the  experience  gained  by  the  assistant  in  charge  of  this  division  enables  him  ip 
order  mgniUs  with  greater  surety  of  success,  and  the  service  becomes  better  recognized 
thereby,  new  points  of  display  should  be  added.  The  only  place  at  present  where  an 
additioxial  display  station  might  be  well  established  is  at  Port  Harford — the  port  of  San 
Luis  Obispo.  On  account  of  San  Luis  Obispo  office  being  burned  April  li),  I  would 
advise  the  location  of  the  new  office  at  Port  Haribrd,  because  of  the  signal  display  that 
might  be  made  in  connection  with  it  there;  besides,  for  climatological  purposes,  there 
are  voluntaiy  observers  at  San  Luis  Obispo  that  fill  every  requisite.  Another  station 
would  be  of  much  service  in  the  interior,  near  Lake  Tulare. 

As  illustiating  the  work  of  the  office  and  its  advance,  the  accompanying  Table  V 
shows  how  many  letters  were  received  and  sent;  also  number  and  kind  of  meteorological 
reports  receiyed.  The  apparent  falling  off  during  the  months  of  May  and  June  is  lai^ly 
due  to  the  absence  of  rainfall,  and  which  many  voluntary  observers  consider  the  only 
element  worthy  of  report.    This  statement  covers  only  the  current  reports  collected. 

This  division  has  collected  and,  since  December,  tabulated  the  rainlall  from  over  two 
hundred  stations,  including  voluntary,  railroad,  post  surgeon,  and  Signal  Service  observor 
tions.  About  the  middle  of  each  month,  when  all  the  reports  have  been  received  by  mail,  a 
tabulated  statement  has  been  issued  and  published  by  the  jiapers,  which  has  been  favor- 
ably receiyed.  This  State  having  so  great  a  dependence  upon  the  cereals,  whose  produce 
is  largely  governed  by  the  amount  and  distribution  of  rain,  its  people  watch  closely  and 
receive  with  interest  any  Inatter  that  advances  knowledge  of  this  kind. 

These  monthly  summaries  were  included  in  an  annual  statement  prepared  by  this 
office,  and  puUished  by  the  Commercial  News  July  1,  1886,  showing  the  average 
ramfiill  for  each  month  of  the  year  from  about  two  hundred  stations.  This  table  did 
not,  howeyer,  include  many  of  the  recently  established  places  of  observation  and  reports 
collected  since  June  30^  which,  if  included,  would  swell  the  aggregate  to  about  three 
hundred.  To  bring  before  the  public  this  valuable  data  I  have  charted  it  nearly  to  com- 
pletion, and  should  it  be  desired  it  can  be  printed,  thus  giving  the  Signal  Service  credit 
for  the  most  complete  publication  of  rainfall  data  ever  collected  for  any  single  region  in 
the  United  States. 

A  statement  of  the  expenses  during  the  year,  exclusive  of  salaries,  stationery,  &c.,  is 
shown  in  Table  YI.  The  economy  practiced  is  evident,  the  telephone,  post-office  box, 
and  janitor's  services  being  discontinued.  Economy  has  also  been  made  by  discontinu- 
ing from  Hay  to  October  certain  telegraphic  reports  which,  owing  to  location  and  uni- 
fiormily  of  diowte  duziog  the  lommer  nbmb,  an  not  io  Mumtiql  as  in  winter.    The 
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scope  of  country  covered  by  telcgiaphic  reports  received  at  this  office  and  the  nuuiiierof 
charting  the  same  is  shown  by  the  foar  charts  of  7  a.  m.,  January  20, 1886.  The  sever- 
ity of  storms  and  the  rapid  fluctuations  that  sometimes  occur  on  the  Pacific  coast  may 
be  gained  from  an  examination  of  these  charts  and  the  consideration  that  a  little  over 
twenty-four  hours  after  but  two  isobars  could  be  traced  on  the  chart  from  Vancouver  to 
Mexico. 

Scientific  inquiry  tending  to  the  advancement  of  meteorology  has  thus  far  given  way 
to  the  study  of  prediction  of  weather,  which  is  deemed  of  first  importance  owing  to  its  pxac- 
tical  bearing,  and  the  main  otyect  of  the  establishment  of  this  division,  however,  besides 
the  work  of  preparation  of  precipitation  charts  and  tables,  it  is  hoped  during  the  summer  to 
be  able  to  collect  data  re^irding  and  to  discuss  the  *'  northers ''  of  California,  cause  of 
low  summer  pressure  in  the  interior,  the  advance  of  the  rainy  season  along  the  coast,  and 
frost  and  floods. 

The  subject  of  army  signaling  has  not  received  attention,  except  a  slight  amount  of 
office  practice.  Some  failure  to  meet  my  requisition  for  the  necessary  signal  equipments 
has  operated  to  drop  this  work  into  neglect  It  was  intended  during  the  long  series  of 
favorable  summer  days  to  practice  occasionally  as  a  means  of  outrdoor  recreation. 

It  is  sincerely  hoped  that  the  wishes  expressed  to  me  verbally  by  the  Chief  Signal  Offi- 
cer when  I  was  ordered  to  this  new  and  untried  field  of  duty  have  been  fully  carried  out 
and  his  expectations  realized.  Tour  expressed  confidence  in  my  ability  and  fitness  to 
build  up  the  Pacific  coast  division  has^ven  zest  to  my  efforts,  and  I  feel  assured  by  the 
absence  of  any  criticism,  letters  of  instruction,  or  suggestion,  that  I  have  fully  met  with 
your  approbation. 

The  following  extensions  of  the  work  would  be  of  benefit  to  the  interests  of  the  Paci- 
fic coast,  and  in  direct  connection  with  its  work;  (a)  study  of  the  climate  so  as  to  in- 
sure a  satisfactory  warning  of  frosts;  (6)  the  study  of  data  looking  to  the  establishment 
of  such  stations  for  the  reporting  of  excessive  rainfalls  and  sudden  rises  in  the  affluents 
of  the  great  California  rivers  as  to  insure  good  results  in  forewarning  overflows  and  floods, 
a  thing  now  said  to  be  impracticable;  (c)  the  bringing  into  harmony  with  and  use  of 
the  service  of  the  meteorologiod  system  of  the  railroads  which  receive  telegraphic  re- 
ports  daily  from  stations  between  £1  Paso,  Tex.,  and  the  northern  California  line;  (d) 
the  establiishment  of  stations  for  reporting  tri-daily,  located  in  the  San  Joaquin  ViUley, 
and  at  Port  Harford;  (e)  the  display  of  signals  for  the  fishery  interests  at  the  mouth  of 
the  Columbia  River;  (/)  the  oncanization  of  a  State  weather  service  in  co-operation  with 
the  Pacific  division  of  the  weather  bureau  for  the  extension  and  publication  of  valua- 
ble observations;  (g)  the  correction  of  the  exposure  of  many  of  the  instruments  which 
are  now  faulty;  (h)  extension  of  the  cautionary  signal  system  at  smaller  ports  on  the 
Pacific  coast:  (i)  the  extension  of  the  prediction  work  to  benefit  vessels  sailing  along 
the  coast;  (j)  establishment  of  a  few  stations  in  British  Columbia  along  the  line  of  the 
Canadian  Pacific  Railroad.* 

Respectfully  submitted. 

W.  A.  GLASSFORD, 
Second  Lieutenant^  Signal  Corps^  U,  8.  Armp,  Assistant  in  Charge, 

The  Chief  Signal  Officer  of  the  Abmy, 

Washington,  D,  C. 


Table  1.— Statement  showing  names  of  persons  on  duty  in  connection  mth  the  Pacific  Coast 

Division^  rar^y  date,  and  nature  of  work. 


Name. 


Robert  Cnlff. 

W.  A.  Olaasford^.. 
Nelson  Gorom„... 

8.  Applegate.. 

A.  P.  Leavltt 

D.  S.  Pague 

O.  A.  Riviere* 

Nelson  Qorom*... 


Rank. 


l8tLt.,4thArt'y. 
2dLt,Sie.Corpfl.. 
Sfft,  8iff.Ck>rp8... 

do 

do 

Private,  S.Corps.. 

do 

8gt.,  Siff.Ck>rp8... 


Date. 


July  1,1885,  to 

Sept.  30, 1885. 
Deo.  23, 1885,  to 

June  80, 1886. 
Oct  1,  1885,  to 

Dec.  23, 1885. 
Apr.  26, 1886,  to 

May  6. 1886. 
July  10, 1885,  to 

May  18, 1886. 
Au«r.l0.1885,to 

May  18, 1886. 
July  1,  1885,  to 

June  30, 1886. 
May  18, 1886.  to 

JunedO,IM86. 


Order. 


Nos.  2  and  206,  A.G.O., 

1885. 
No.  279,  A.O.O.,1885.. 


Letter  O.  C.  S.  O.,  Sept  10, 

1885. 
S.  0. 86, 1886,  order  of  Sei^ 

^ant  Gk>rom. 
Letter  O.  C.  S.  O.,  July  10, 

1885. 
S.  O.  9,  50,  and  44, 1886. 


S.O.9,1885 


Letter  O.  C.  S.  O.  Moy  8, 

1886. 


Remarks. 


In  chaTgc. 
In  charge. 
In  chaise. 
Clerical  assistant. 
Clerical  assistant. 
Clerical  assistant. 
Clerical  assistant. 


Clerical    assistant 
pari  of  each  day, 


*0n  duty  on  June  80, 1886. 
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Table  11. — Percentage  of  verificatUm  of  weaUier  predictions. 


North  Pacific. 

Middle  Pacific. 

South  Pacific. 

• 

1 

• 

u 

1 

• 

■ 

9 

e 

1 

1 

m 

• 

1 

•3 

1 

8. 

Penon  predlotlnff. 

t 

s 

g 

t 

.S 

a 

t 

i 

^ 

^ 

^ 

^ 

^ 

^ 

^ 

^ 

^ 

H 

< 

isn. 

• 

July 

85.5 

96.1 

83.8 

96.5 

98.2 

81.6 

99.1 

97.8 

89.5 

92.0 

Liout.  Robert  Craiic,  aflsiflt* 
-    ant,  July  1  to  September 

Aag. ^ 

M.7 

97.8 

81.6 

100.0 

98.2 

75.4 

96.6 

97.8 

87.7 

92.1 

Sept. 

7ai 

86.2 

82.6 

97.8 

93.3 

78.6 

100.0 

94.6 

86.2 

88.6 

25,1885. 

Ortfc. 

80.6 

62.9 

57.3 

92.2 

70.7 

79.3 

97.4 

90.0 

86.6 

79.7 

Sgt.   N.  Oorom,  Sept.  25 

Nor 

82.4 

73.0 

58.4 

75.3 

70.1 

70.0 

77.0 

68.6 

84.  a 

73.4 

to  Deo.  23,  1885,  except 

X^OO  •••••«•• 

75.9 

70.9 

61.5 

81.4 

68.6 

82.3 

88.2 

78.2 

76.9 

75.8 

suspended  from  Not.  28 
.    to  Dec.  2. 

1880. 

Jan 

87.6 

80.1 

63.0 

81.8 

60.0 

71.8 

79.8 

81.3 

78.4 

77.2 

■ 

Jr  eD« '  •••.••■ 

77.9 

86.1 

77.9 

91.8 

75.0 

90.4 

89.4 

90.9 

88.0 

85.2 

MMTCh.  ... 

86.6 

84.5 

78.0 

72.8 

63.4 

86.0 

87.6 

84.1 

81.6 

79.8 

April  

ICay 

86.2 

87.2 

83.0 

87.1 

69.2 

85.7 

96.8 

86.2 

80.8 

84.8 

02.1 

89.0 

79.4 

91.7 

73.7 

82.9 

100.0 

96.1 

81.1 

87.3 

June. 

80.4 

86.2 

71.4 

99.6 

86.6 

75.9 

99.1 

9tt.8 

m.\ 

86.2 

Areiaceu 

84.0 

83.6 

73.6 

81.5 

78.0 

79.9 

92. 2 

89.5 

88.7 

88.4 

Table  m.—Tahle  ihowing  the  distribution  of  the  weather  forecasts  on  the  Pacific  coast. 


oS  a 


1 

1 

1 
1 
1 
1 
1 

1 

1 


1 
1 
1 
1 

1 

1 


Paper  or  person  receiTinff 
indications. 


Evening  Bulletin... 
Abend  Post^ 


Evening  Poet.. 

Daily  Report* 

San  Francisco  Chronidef. 

MominffOill 

AltaCalifomiaf 


Daily  Ezamincrf , 
Der  Demokratf.... 


Le  Ck>urrier  deSan  Fran- 

cisco.t 

The  Ouidef , 

Commercial  Newsf , 

Journal  of  Commercef..... 
Obsenrer's  office , 


Western     Union 

graph  Comi>any. 
Associated  Press.... 


Tele- 


Surf 

Press 

Independent. 

Mercury 

Independent. , 

Hemld..... 

Times 

Express.. 

Sun 

San  Diegan... 

Union 

Record  Union 

News ., 

Expositor. 

Morning  Oregonian. 

Ledger 

News 

Chronicle 

Post-Intelligenccr .... 


Total 


9  SIG 


Place. 


San  Francisco 
do 


.do. 
.do. 
.do. 
.do. 
.do. 

.do. 

.do. 

.do. 

.do. 
.do. 
.do. 
.do. 

.do. 

.do. 


Santa  Crus. 

Santa  Barbara.. 

do 

San  Joe6 

Stockton 

Los  Angeles 

do 

do 

SanDjego 

do 

do 

Sacramento 

Modesto 

Fresno 

Portland 

Tacoma 

do 

Scattio 

do 


Circulation. 


7,500 

2,500 

12,500 


37,600 
26,000 
12,600 

10,000 

3,000 

1,600 


750 
146 


500 
600 
3,000 
1,600 
1,000 
2,000 
1,600 
250 


1,000 

4,000 
600 
250 

4,000 
500 
600 
600 

1,000 

135,897 


Synopsis  and  Indications  com- 
plete. 

Indications  for  Oslifomia  dur- 
ing rainy  season. 
Do. 

Indications  for  California. 
Do. 
Do. 

Synopsis  and  Indications  com- 
plete. 

Indications  for  California  dur- 
ing rainy  season. 

Weather  and  temi^eraturo  for 
California  during  rainy 
season. 

Indications  for  California  dur> 
ing  rainy  seasom 

Indications  of  weather. 

Indications  Pacific  coast. 
Do. 

Complete  farmers*  bulletin 
printed  and  mailed. 

Posted  on  bulletin  board. 

Telegraphed    to  papers  and 

places  named. 
Indications  of  weather. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 


*  Evening. 


t  Morning. 
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Tabls  IV. — Table  showing  the  number  of  days  storms  occurred  cA  each  tAation^  wUh  th^ 

number  of  cautionary  signals  displayed^  <&c. 


188&-'86. 

San  Diego. 

San  Francisco. 

Fort  Canby. 

Astoria. 

Olympia. 

.1? 

5 

9 

^4 

^ 

i 

t 

A' 

9 

0 

1 

g 

el 

0 

el 

0 

el 

O 

• 

s 

^s 

• 

5 

• 

09 

g 

^ 

•B 

g 

M 

5 

4 

6 

£ 

Month. 

%: 

g 

■Jo 

4> 

n 

• 

3 

OB 

*g 

C 

el 

-s 

N 

• 
U 

H 

• 
»4 

ol 

g 

l| 

2 

5 

P 

o 

5«S 

0 

a 

C7 
OB 

5 

9 

1 

nals 
sto 

S 

a 

'8 

5 

5S 

a- 

2 
a 

•3 

II 

g 

a 

1 

- 

z 

^ 

^ 

be 

3} 

9 
15 

•  •« 

^ 

15 

9 

2 

?t 

t 

§. 

^ 

9 

.a* 

ii 

July 

Aufroflt...... 

«••• 

18 

18 

September 



I'J 

15 

7 

7 

"i" 

1 

October. 

3 
3 

>..... 

3 
3 

9 
23 

0 
23 

1 

9 

1 

2 

November 

•  ••«  ■ 

2 

2 

December 

20 
17 
13 

io" 

8 

20 

7 

10 

Janaory 

1 

1 

7 
1 

5 

2 
1 

3 

11 

10 
4 

1 
1 

3 

Februarr 

March 

1 
2 
2 

...... 

1 
2 

O 

n 

3 
1 

7 

75 

2 
3 
1 

7 

13 
7 
1 

"i" 

13 
0 
1 

••«•«• 

i 
1 

"i" 

3 
1 

1 



April 

May 

1 
3 

!  3 

June 

1 
6 

G 

112 

14 

TotaU ... 

5 

70 

06 

3 

26 

15 

11 

3 

G 

0 

i 

1 
1885-*M.                     j        Tacoma. 

Seattle. 

Port  Towns- 
end. 

Port  Angeles. 

Month. 

1 

a 

mm 

• 

"3 

g 

to 
.9 

% 

9 
O 

5 

Signals   without 
storm. 

a 

9 

-3 

1 
"S 

-3 

& 

T3 

9 
0 

A 

■mi 

Signals   without 
storm. 

a 
1 

• 

JS 

§ 

S 

■ 

g 

% 

9 
O 

Signals   without 
storm. 

■ 

u 

1 

9 
J5 

• 

•1 

J) 

• 

■3 
g 

• 

9 
O 

Signals  without 
storm 

July 

Auflrufit 

SAntAmhor 

October , 

1 — 

1 

November 

December 

January  

1 

1 

1 

1 

n 

1 

1 

2 
1 

3 

1 

3 

1 

...a..    ••«... 

11 

2 

9 

1 

2 
1 

1 

February 

1 

March 

1 

April.. V 

1 

1 

1 

1 

3 

2 

1 

May 

•    •> 

* 

June 



1 

1 





****** 

.. 

Total 

2 

2 

3 

2       1 

4 

6 

5 

17  1  12 

5  1      1 

Note.— From  July  1  to  April  30  a  velocity  of  25  miles  per  hour  is  considered  as  a  storm,  and  since 
May  1  the  verifying  velocities  at  different  stations  have  been  used,  i.  e.,  San  Diego,  20  mUes;  San 
Francisco,  30  miles ;  Fort  Oanby,  35  miles ;  Olympia,  13  miles,  and  Port  Angeles,  21  miles.  Astoria. 
Taooma,  Seattle,  and  Port  Townsend  have  no  anemometers. 
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ISBS-'W. 

iAMtlW. 

Montlu. 

RecelTcd. 

aeot. 

agn«i 

Voluntarr 

s.P.n.RC. 

P>,.„ 

I.lglil-Houn 
DepBritnent. 

J  , 

123 

109 

w 

ST 

U 
33 

1*3 

03 

36 

as 

36 

116 

loii 

23 
31 

m 

120 
128 

12a 

10 

13 

! 

■^' 

T93 

I.3S7 

7.5 

sm 

1,4§3 

13= 

" 

'  Reports  received  (o  July  I< 


I».»o,.^™. 

Amount. 

(MO  00 

12  00 

900 
14  70 
2100 

13  » 

423  ee 

t20,^r  month. 

W  cents  per  month. 

to  per  montli.  from  Mny  4,  IS!i9.(o  Itlorch  31. 1§SS. 
W  per  luoiilli,  Oom  Julr  1, 18».  to  1'cbrm.ry  28. 1«M. 
$3  per  riuirter.  from  July  1, 1S85.  to  Mwch  31.1880. 

ans  fi.tures  nnd  ohtmneye 

Cokl  uid  kindiing  wood 

Sonp,  Ink  (red),  copylns  ink,  stamps,  oil,  lamps. 

TaMe  ahoming  monltds  rainfall  ai;eragt»  {expretaed  in  inchet  and  kiindrcdllit)  in  Califorma, 
Oregon,  anil  WaAitigloa  Terrilory,  wil\  mean  aceragei  for  senmii,  nuiabrr  of  yeartfrom 
fekich  avfrayea  art  determined,  and  total  for  teoion  of  1885  and  1886. 


[Compiled  bj  Lleal-  W-  A.  Glsnford.  Slsaol  Cori«.  V.  S.  A 


V  Paclflo  Cout  Division.] 


Plaoeuid  Slate. 


TMoosb  lal*Dd ,  WMh .. . . 
"In*  '*  h™~.  w.jh    

eu  Jun  island,  Wtiiiii'.' 

PoitAiunleB,Wa^ 

Fort  BeD^iJiaiD.  Wash . 

BtakelT.WMh. 

TaaoaMt,VlMih. 

Foit  SWilaooam,  Wsah.. 

Fort  ColTllla.  Wub 

FWtSlmcoe,  Wash- 

riiassin  Orove,  Wash. ... 
Fort  TownaeDd,  Waah.. , 

Oljmiito,  Wart).  _ 

Wall*  Walla,  Waah 

-     it,WMh 


.W  3.30  2.X7,  1.22  .330.39< 


.  2.30   3.00   1.82  l.Tlkl.ZOI.K 

I  o.m  8.W:  H.e2  4,Hi^7o,2.a; 

2.0e   I.M   l.«l  l.«l,0ll2.OI 

.u.7t!to.o2l  H,a3l  s.]i|i.i»|i.o' 


IB.  33  18. 7« 
10.  ra  12. 9T 
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PtaoganilStetc 


PortCuby.Wiuh. 

CUIiliuuet,WiMh, 

PiHtYunhil1,Oice. 

Fort, BUvtBt.Oa^'.  ".'.'..'. 

AatOTlk,OreE 

TortVanoiuver.Wiuib.. 

SpoluDoFsl  llh  Ores! ! !! !! 

Daltn.  Orett 

VniBlill»,Orc|[.  

FortUoBkliiK.  OreK„ 

Botthmg.Orric.-, 

Fort  Ortord.  One 

SwtdoD.Ores.^ 

Umpqni,  Ork. 

OreionClt7,Orc(r 

AaUand.OreK 

Cunn  WMmn ,  Ores 

LinkTille,  OrCK' 

Cunp  Huncy,  Oreff 

liiUievlew,  Orefr 

Ckmp  Wamir,  OrcK 

AlbaiiT.  Ores 

OunpI.inoDln.OraB. 

CrcacentClty,  Col 

Ytekk,Ci>l 

Port  Jones.  Cal 

FortBldn'CII.CKl 

Orleans,  Ckl 

Fort  Outon.  Cal 

BloQ  Lake.  Cal 

Ctmp  Wi^sht.  OftI 

HnmlwldUiKht-boDH!,  C 

Hjdartll^  Otl 

Cape  MwdodDo,  Cal 

WeftveTTllle.CBl „... 

1MM.CBL. „ 

FOrt  Crook,  f^.. 

Be(ldlmc.C>l „. 

Red  Bluff,  Cal „ 

Tehuw,  Cat , 

Chleci,  Cal. _ 

OroTtllc.Cal , 

HeadoT   VMler    (91lve 
Creek).  CU 

Wlllowa,  C^'Z"' ".".'.'.'.'.'.','.'. 

Princeton,  Col 

CantdopeValler.Cal.... 

ColllM^Cal 

Wlllianu.  (M 

CoUen  Cltr.Cnl 

Westport,  <M 

Point  Arena,  Cal 

LartoQTllle,  CbL. 

Okiah,Cal „ 

HMTBvUleX^l 

OuiipFarWeat,Cal.. 

OiMa  Vallor.CU „ 

Weat  BtiUe.Cal 

MUnlans,  Cnl 

Knlebt'a  tundlDir,  Cal... 

Embrant  Oap.Cal 

Col(U,Cal 

Auburn,  Oit 

Bocklln.Cal 

Georgetown,  CU... 

FlH»rTlUe,Ca1 

ShlDitle  ^rinBa,Cal 

FolBon,  CU .»»... 

SanraitMDto,  CaL 

Gait,  Cal 

BrlgUon,  Cal 

Duonlsnn.Cal 
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Tolal  aiOKiinir  mmUhln  rai»faU  averagei.  d-c — Continaed. 
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Telal  thowiTiffmonfU!/  raiafaU  aixra/fea,  dt. — CooUnned. 


APPENDIX    7. 

REPORT  UPON  THE  SYSTEM  OF  COTTON-REGION  OBSERVATIONS. 

Signal  Office,  Wae  Department, 

Washington  Cityj  June  30,  1886. 

Sib:  I  have  the  honor  to  submit  my  onnaal  report  of  the  work  done  in  connection 
with  the  system  of  cotton-region  reports  for  the  year  ending  June  30,  1886. 

The  system  continued  in  active  operation  from  July  1  to  October  31 ,  after  which  observor 
tions  were  discontinued  for  the  year.  '  The  appropriation  being  insufficient  to  carry  on 
the  observations  and  reports  during  the  period  contemplated  and  desired  by  cotton  in- 
terests, the  resumption  of  the  service  in  the  spring  was  delayed  until  April  10.  The 
information  is  given  the  widest  publicity  throughout  the  cotton-growing  States  by  being 
bnUetined  daily  at  prominent  points  and  published  in  the  newspapers;  the  editors  al- 
lowing ample  space  for  the  purpose.  Copies  are  also  sent  to  the  cotton  exchanges, 
boards  of  trade,  &c.  The  producer,  the  shipper,  and  others  interested  in  the  growing 
crop  have,  in  their  correspondence  with  this  office,  uniformly  testified  to  the  great  bene- 
fits derived  from  the  careful  study  of  the  reports,  which  contain  the  mean  maximum 
and  mean  minimum  temperatures  and  the  rainfall  at  over  one  hundred  and  fifty  places 
in  the  cotton  districts. 

This  branch  of  the  service  has,  since  its  inception,  labored  under  many  disadvantages, 
resulting  from  insufficiency  of  money  for  its  proper  maintenance,  which  rendered  it  im> 
possible  to  establish  tiie  necessary  number  of  points  of  observation  over  the  wide  area  of 
country  which  it  was  the  desire  of  this  office  to  l^enefit  by  the  reports;  and  also  the  fiict 
that  no  money  being  appropriated  by  Congress  for  telegraphing  tho  observations,  the 
generosity  of  the  various  railroad  companies  and  telegraph  lines  had  to  be  depended 
upon  for  the  free  transmission  of  the  messages,  which  proved  a  very  unsatisfactory  ar- 
rangement. 

The  pay  of  the  special  observers  employed,  being  but  20  cents  per  day,  offi;rs  small 
inducement  to  take  and  forward  reports  with  that  care  and  promptness  which  they 
should  receive  in  order  to  make  them  thoroughly  reliable  and  of  the  greatest  value  to 
all. 

The  transmission  of  the  observations  over  the  telegraph  lines  under  the  circumstances 
just  stated  cah  be  easily  slighted,  and  this  office  has  no  alternative  but  to  accept  any 
explanation  that  may  be  given.  The  difficulties  named  can  be  readily  obviated  if  the 
estimates  submitted  to  Congress  are  favorably  acted  upon.  Provision  has  been  made  in 
these  for  1886-'87  for  a  totSl  of  250  stations;  for  the  increase  of  pay  of  tho  special  ob- 
servers to  50  cents  per  report,  and  the  payment  by  the  Government  of  the  necessary  tel- 
egraph tolls  from  the  special  stations  to  the  section  headquarters. 

B^ore  the  cotton  season  opened  in  April  last  it  was  decided  that  observers  in  charge 
of  the  section  centers  should  visit  and  inspect  each  of  the  special  stations;  and  this  has 
since  been  done,  and  much  good  in  the  way  of  better  service,  greater  accuracy  and 
promptness  in  rendering  rei>orts  has  resulted.  Many  of  these  stations  had  never  before 
been  visited  by  a  representative  of  the  Signal  Service.  Each  inspector  was  charged  to  in- 
vestigate and  correct  all  the  irregularities;  to  projjerly  instruct  the  observers;  to  inspect 
thecondition  of  the  Government  property  on  hand,  and  recommend  such  action  as  seemed 
necessary. 

The  following  cotton-region  stations  were  inspected  by  the  observer  in  charge  of  the 
section  center: 

Sergeant  S.  W.  Beall,  Atlanta,  Ga.,  visited  Gainesville  and  Toccoa,  Ga.;  Anderson, 
Greenville,  and  Spartanburg,  S.  C. ;  Griffin,  Newnan,  West  Point,  and  Cartersville,  Ga. 

Sergeant  David  Fisher,  Augusta,  Ga.,  visited  Batesburg,  Columbia,  Chester,  and 
Greenwood,  S.  C. ;  Blackville,  8.  C. ;  Waynesborough,  Ga. ;  AllencLile,  S.  C. ;  Camack, 
Washington.  Union  Point,  and  Athens.  Ga. 

Sergeant  .T.  If.  Smith,  Charleston,  S.  C,  visited  Saint  George's,  Branchville,  Saint 
Matthew-s,  Jacksouborougb,  Yemassee,  Hardecville,  and  Kingstree,  S.  C. 
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Sergeant  £.  O'C.  Maclnemey,  Galyeston,  Tex.,  viBited  Houston,  Columbia,  Cnero, 
Weimar,  LoliuK,  Austin,  Brenham,  Heame,Waco,  Bel  ton,  Corsicana,  Dallas,  Weatiierford, 
Tyler,  Longview,  Huntsville,  Soar  Lake,  and  Orange,  Tex. 

Sergeant  B.  L.  Goulding,  Little  Rock,  Ark.,  visited  Deyall's Bluff,  Brinkley,  Kensett, 
Newport,  Madison,  Helena,  Arkansas  City,  Monticello,  Pine  Bluff,  Magnolia,  and  Tex- 
arkana.  Ark. ;  Paris,  Tex. ;  Piescott,  Malvern,  and  Russellvillej  Ark. 

Sergeant  D.  T.  Flannery,  Memphis,  Tenn.,  visited  Grand  Junction,  Tenn.;  Corinth, 
Miss. ;  Tuscumbia,  Decatur,  and  Scottsboiough,  Ala. ;  Holly  Springs,  Oxford,  Grenada, 
BatesvUle,  and  Hernando,  Miss."^  Covington,  Dyersburg,  Milan,  Paris,  Bolivar,  Browns- 
ville, and  Arlington,  Tenn. 

Sergeant  Appleton  Pritchard,  Mobile,  Ala.,  visited  Waynesborough,  and  Meridian, 
Miss. ;  Livingston,  Ala. ;  Macon,  Columbus,  Aberdeen,  and  Okolona,  Miss. 

Sergeant  I^wrence  Dunne,  Montgomery,  Ala.,  visited  Fort  Deposit,  Greenville,  Ever- 
green, Selma,  Pine  Apple,  Marion,  Ciilera,  Birmingham,  Opelika,  Ala. ;  Columbus,  Ga. ; 
and  Eufaula,  Ala. 

Sergeant  Meyer  Herman,  New  Orleans,  La.,  visited  Amite  City,  La.;  Brookhaven, 
Hazelhurst,  Port  Gibson,  and  Natchez,  Miss.;  Alexandria,  Natchitoches,  Coushatta 
Chute,  Minden,  Cheneyville,  Opelousas,  and  Lafayette,  La. 

Sergeant  S.  C.  Emery,  Savannah,  €ra.,  visited  Jcssup,  Eastman,  Macon,  Smith vOle, 
Fort  Gaines,  Albany,  Thomasville,  Bainbridge,  and  Quitman,  Ga. ;  Live  Oak,  Waldo, 
and  Femandina,  Fla. ;  Way  Cross,  Allapaha,  and  Millen,  Ga. 

Sergeant  J.  W.  Bytam,  Yicksburg,  Miss.,  visited  Edwards,  Jackson,  Lake,  Miss.,  and 
Monroe,  La. 

Private  A.  J.  Mitchell,  stationed  at  Smithville,  N.  C,  was  detached  and  visited  Golds- 
borough,  New-Berne,  Weldon,  Raleigh,  Salisbury,  and  Wadesborough,  N.  C. ;  Cheraw 
and  Florence,  S.  C. ;  and  Lumberton,  N.  C. 

Full  and  complete  instructions  for  the  guidance  of  cotton-region  observecs  were  pre- 
pared in  pamphlet  form,  and  copies  were  furnished  by  the  inspectors  to  each  special  ob- 
server in  charge  of  a  special  cotton-region  station. 

These  instructions  are  in  such  complete  form  that  in  the  event  of  any  change  being 
necessary,  the  newly-appointed  observer  could  easily  familiarizehimself  with  the  lequire- 
ments  of  the  position. 

The  result  of  these  inspections  was  very  satisfactory;  and  all  instruments  are  now 
properly  exposed,  and  the  instrument  shelters  located  in  the  best  positions  obtainable. 

Heretofore  the  instrument  shelters  at  nearly  all  stations  have  been  located  on  or  near 
the  depot  or  freight  building;  but  as  the  constant  jarring  caused  by  passing  trains  had  a 
tendency  to  lower  the  index  point  of  the  minimum  thermometers  the  inspectors  were  in- 
structed to  remove  all  shelters  liable  to  be  thus  affected,  and  have  them  set  up  in  more 
advantageous  positions.  The  rain-gauges  at  all  the  special  stations  have  also  been  ex- 
amined, and  where  the  exposure  was  considered  defective  better  localities  have  been  se- 
cured. 

The  special  cotton-region  observers  have  been  personally  instructed  in  their  duties, 
and,  as  ^  as  the  money  appropriated  for  its  support  will  permit,  the  cotton-region  serv- 
ice is  now  in  the  most  effective  condition  possible. 

There  are  now  in  operation  twelve  centers  for  collecting  the  reports,  eight  regular  Sig- 
nal Service  stations  taking  cotton-region  observations,  and  one  hundred  and  thirty-five 
special  cotton-region  stations,  making  one  hundred  and  fifty-five  places  in  all  at  which 
wese  observations  are  made  and  reported. 

llie  following  stations  were  established  during  the  year: 

Brenham,  Tex.  (Gralveston,  Tex.,  center);  Nebo  and  Forrest  City,  Ark.  (Little  Rock, 
Ark.,  center);  and  the  following  stations  were  discontinued:  Beaumont,  Tex.  (Galves- 
ton, Tex.,  center);  Madison  and  Nebo,  Ark.  (Little  Rock,  Ark.,  center);  Dalton,  Ga. 
(Atlanta,  Ga.,  center). 

The  observer  at  Chattanooga,  Tenn.,  takes  cotton-region  observations,  and  telegraphs 
them,  daily,  to  Atlanta,  Ga. 

The  name  of  the  station  at  Withe,  Tenn.,  was  changed  by  the  Post-Office  Department 
to  Arlington. 

Each  district  sends  by  mail,  daily,  to  observer.  New  Orleans,  La.,  a  copy  of  Form  1386, 
containing  the  maximum  and  minimum  temperatures  and  the  rainfall  at  each  special 
station  in  the  district. 

To  obviate  any  difficulty  that  might  arise  on  account  of  the  telegraph  lines  being  down 
or  in  trouble,  and  thus  delay  the  transmission  of  reports  to  the  centers,  eadi  cotton- 
r^on  observer  mails,  daily,  to  his  section  center  a  copy  of  the  cipher  report  (Form  20ri) ; 
and  as  soon  as  the  missing  report  is  received  at  the  section  center,  the  information  it 
contains  is  entered  on  a  Form  1385  (cotton-r^on  bulletin),  and  mailed  to  New  Orleans. 

I  would  urgently  recommend  that  the  following  be  submitted  in  the  next  year's  esti- 
mates for  the  appropriations  for  this  service,  under  the  item  headed  '^Observationa  and 
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ezpeoMs  inddfliitel  thaxeto,  annoiiiiciiig  the  probable  approach  and  severity  of  floets,  for 
tbe  benefit  of  the  cotton  legion  of  the  United  Statee:  Cotton-region  obeerrations  and 
reports:' '  Two  hnndred  and  fiity  stationa  at  60  cents  per  day,  ftom  April  1  to  October  31, 
9S%,750 ;  Instraments  and  instmment  shelterB,  |2,000 ;  incidentals,  91,260.  And  under 
the  item  headed  "Telegraphing  rroorts,  messages,  and  other  information  in  connection 
with  the  obaerration  and  report  or  storms,  Sao. :"  For  coUeeting  eotton-rogion  reports, 
910,700. 

These  reports  have,  heretofore,  been  telegraphed  by  the  raOroad  oompanies  free  of 
charge,  bat  owing  to  many  deUys,  fiulorfes,  and  other  irregolarities  resolting  from  the 
free  system,  it  is  now  desired  to  secnre  for  their  transmission  that  promptness  and  rega* 
larity  which  can  only  be  obtained  by  regnlar  rates. 

The  following  copy  of  a  letter  from  Ju.  James  F.  Nanry,  seoretaiy  committee  of  in- 
formation and  statistics.  New  York  Cotton  Exchange,  New  Toric  City,  is  added  to  this 
report  for  the  reason  that  it  IhmiBhes  valoable  inibrmation  in  regard  to  the  cotton  crop, 
and  gives  tlie  opinion  of  bosiness  men  upon  the  nseftilness  of  the  reporte  madeat  the  star 
tions  in  the  cotton  region : 

"Nxw  ToBK  ConoH  Exghavqx, 

"New  York,  May  17, 1886. 

"  DsAB  Sib:  Pressnre  of  private  and  other  boahiess  has  hindered  onr  committee  from 
looking  out  the  towns  which  we  recommend  to  be  need  as  pointo  from  which  to  getdaily 
reporte  of  the  weather,  especially  as  afibeting  the  cotton  crop. 

'The  most  important  tning  for  the  crop  is  the  rainlhll,  and  it  shonld  be  reported  every 
twenty-fonr  horns  with  aooaraoy,  not  in  averages  from  centen,  bat  the  actoal  amoont  at 
each  place. 

'*If  to  this  is  added  the  mazimam  and  minimnm  thermometer  readlngi  tor  the  twenty- 
fimr  hoam,  there  is  nothing  more  to  be  desired,  and  any  planter,  Ibetor,  or  dealer  who 
will  stndy  these  three 'records  can  get  a  good  idea  of  the  crop  promects. 

**In  choosing  the  towns,  we  have  tried  to  keep  as  closely  as  possiole  to  yoor  pablished 
list  of  stations  dated  ICaroh  1, 1884,  (General  Orders  Na  21.  Some  places  where  little 
or  no  cotton  is  grown  we  have  dropped,  others  we  have  added  when  mnch  cotton  is 
raised.  We  have  also  kept  to  the  railroad  lines  as  mnch  as  possible,  thoagh  that  plan 
rather  ties  down  the  distribution  of  places. 

*'We  hope  yoa  will  be  able  to  pat  this  plan  into  opention,  as  by  it  alone  can  we  get 
aocaiate  and  reliable  weather  reports  to  Jadge  of  the  ootton  crop. 

(Here  tollows  a  list  of  stoticos.) 
''Very  respectftdly,  yoors, 

'*JAME8  F.  NANBY, 
"Sberatery  Oommiiiee  of  IitfarmaHan  tmd  SiaiMm. 

**Brig.  and  Bvt  M^.  Gen.  W.  B.  Hazkbt, 

''Chief  mgnal  Officer,  U.  8,  Arm§,  TTotAtaptoa,  D.  C" 

I  am,  very  respectftilly,  your  obedient  servant, 

F.  B.  DAY, 
8ee(m4  LieuiemuUf  Signal  Otrps,  U,  8.  Armg, 

The  Chief  Signal  OFnosB  of  thb  Abut, 

WaMngUm,  D.  0. 
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REPORT  ON  THE  DISPLAY  OF  SIGNALS  FOB  THE  PROTECTION  OF  MARINE 

INTERESTS. 

SiQN AL  Office,  Wab  Dispabtment, 

Washington  CUp,  June  30,  1888. 

SiB:  I  have  the  honor  to  make  the  following  report  upon  the  system  of  cautionaiy 
wind  Rt);nalA  a^^ed  by  the  Signal  Service  for  the  protection  of  marine  interests,  in 
operation  during  the  year  ending  this  day: 

The  display  of  signals  has  continued  during  the  past  year  as  heretbfore. 

On  December  1,  1885,  signals,  with  the  exceptions  noted  below,  were  disoontinned  at 
all  stations  on  Lake  Superior,  and  at  all  other  lake  ports  on  December  16,  1885,  navi- 
gation having  closed  for  the  season. 

The  display  of  cantionaiy  signals  continued  throughout  the  entire  year  at  the  follow- 
ing plac^:  Grand  Haven  and  Lndington,  Mich. ;  Milwaukee,  Wis. ;  Saint  Joseph,  Sonth 
Haven,  and  Manistee,  Mich.  The  display  was  resumed  on  Lake  Superior  May  1,  1886, 
and  at  all  other  points  of  display  on  the  lakes  April  15,  1886,  on  the  resumption  of 
navigation. 

The  new  signals  recently  adopted  by  this  service  for  announcing  the  approach  of  wind 
storms  are  of  three  kinds,  viz. : 

jl)  The  cautionary  signal. 
2)  The  direction  sigiuJ. 

[3)  The  on-shore  si^iaL 

The  cautionary  day  signal  is  a  square  red  flag,  with  black  square  center;  the  nigat 
signal  is  a  red  light  When  hoisted  it  indicates  that  a  wind  velocity  of  35  miles  per 
hour,  or  over,  is  expected  to  blow  within  100  miles  of  the  places  at  which  the  signals 
are  displayed.    This  velocity  of  wind  is  considered  dangerous  to  all  classes  of  shipping. 

The  direction  signal  is  a  square  flag,  composed  of  two  horizontal  stripes,  one  black 
and  the  other  white.  It  is  only  displayed  with  the  cautionary  signal  flag,  and  indi 
cates  from  what  quadrant  the  dangerous  wind  is  expected  to  come.  For  the  purpose  ol 
designating  these  quadrants  the  compass  has  been  divided  into  the  NE.,  SE.,  SW.,  and 
NW.  quadrants.  In  the  order  to  hoist  a  direction  signal  it  is  stated  from  which  quad- 
rant the  dangerous  wind  is  first  expected.  There  is  no  night  display  for  the  direction 
signal 

The  on-shore  day  signal  is  a  square  flag  composed  of  four  smaller  squares, 
two  white  and  two  black,  so  arranged  that  squares  of  like  colors  touch  each 
other  at  the  inner  comers.  It  is  only  displayed  at  lake  ports  where  regular 
full-reporting  meteorological  stations  of  the  service  are  in  operation. 

The  on-shore  signal  indicates  that  the  wind  will  blow  in  an  on-shore  direc- 
tion with  a  velocity  of  fh>m  20  to  35  miles  per  hour  at  the  place  where  the 
signal  is  displayed.  This  velocity  of  wind  is  considered  danj^erous  to  small 
vessels,  baiges,  and  tows  on  the  lakes.  The  on-shore  night  signal  isa  white 
light 

A  direction  signal  is  not  hoisted  in  connection  with  the  on-shore  signal.     It 
is  only  displayed  with  the  cautionary  signal,  and  not  more  than  3  feet  abi  ve  or  below 
it,  in  the  following  manner: 


N.  E. 
Quadrant. 


8.W. 
Quadrant. 
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It  will  be  seen  from  the  above  cut  that  the  direction  fia^  is  above  the  cautionary  ilag 
for  easterly  winds  and  below  for  westerly,  while  the  black  stripe  in  the  direction  flag 
is  aMve  the  white  stripe  for  northeriy  winds  and  below  for  southerly. 

When  the  cautionary  signal  is  hoisted  alone,  it  indicates  that  the  direction  from  which 
the  dangerous  wind  may  come  has  not  been  determined. 

This  new  system  of  cautionary  signals  went  into  operation  May  1,  188G.  It  is  not 
necessary  to  advert  to  the  old  system  of  cautionary  signals,  as  they  have  been  fully 
expluned  in  previous  reports. 

The  velocity  of  wind  heretofore  accepted  as  justifying  a  cautionary  signal  has  been  25 
miles  per  hour  at  all  stations,  as  shown  by  the  reading  of  the  anemometer  at  the  place 
where  the  display  was  made.  The  velocity  to  justify  a  signal  has  been  changed,  and 
cautionary  signals  are  not  now  ordered  unless  a  wind  velocity  of  35  miles  or  more  per 
hour  is  expect,  as  has  already  been  explained. 

The  observer  at  each  cautionary  station  using  an  anemometer  has  been  informed  the 
number  of  miles  per  hour,  as  shown  by  his  anemometer,  that  will  be  equal  to  the  above- 
mentioned  verifying  velocity. 

The  special  display  station  at  Traverse  City,  Mich.,  was  discontinued  March  16, 1886. 

The  following  special  display  stations  have  been  established  during  the  year:  Bamegat 
City,  N.  J.;  Cedar  Tree  Neck,  Mass.;  Chicago  Water  Crib,  111.;  Point  Judith,  R.  I.; 
Sankaty  Head  Light,  Mass. 

The  display  of  wind  signals  has  been  saspended  at  Southeast  Light,  R.  I.,  pending  re- 
pairs to  the  cable,  which  is  broken. 

The  special  display  stations  were  inspected  by  the  observers  in  charge  of  section  cen- 
ters during  the  last  half  of  the  year.  This  inspection  was  imperatively  necessary  on  ac- 
count of  the  adoption  of  the  new  system  of  wind  and  direction  signals,  and  from  the 
experience  of  former  years  I  am  of  opinion  that  these  stations  should  bo  visited  by  the 
<^38ervers  from  the  section  centers  at  least  once  each  year  to  see  that  the  work  is  per- 
formed in  a  satisfactory  manner  and  that  shipping  interests  are  fally  served.  Each  in- 
spector was  charged  to  properly  instruct  the  di8pla3rmen  in  the  manner  of  hoisting  and 
lowering  the  signals,  and  in  their  general  duties;  to  inspect  the  Government  property, 
and  recommend  such  action  as  seemed  necessary  to  make  the  station  and  display  of  the 
greatest  benefit  to  the  public. 

The  following  display  stations  were  thus  inspected: 

Sergt.  Allen  Buell,  Chicago,  III.,  visits  Saint  Joseph,  South  Haven,  Muskegon,  Mon- 
tague, Pentwater,  Ludington,  Manistee,  Frankfort,  Northport,  Elk  lipids,  Charlevoix, 
Petoskey,  and  Cheboygan,  Mich. 

Sergt.  S.  W.  Rhode,  Milwaukee,  Wis.,  visited  Racine,  Kenosha,  Sheboygan,  Manito- 
woc, Kewaunee,  Ahnapee,  Sturgeon  Bay,  and  Green  Bay,  Wis.,  and  Menominee,  Mich. 

Sergt  N.  B.  Conger,  Detroit,  Mich.,  visited  Sand  Beach,  Bay  City,  and  East  Tawas, 
Mich. 

Sergt.  Peter  Wood,  Erie,  Pa.,  visited  Ashtabula,  Ohio,  and  Dunkirk,  N.  Y. 

Serit.  J.  G.  Linsley,  Oswego,  N.Y., visited  North  Fair  Haven  and  Cape  Vincent,  N.  Y. 

Private  B.  A.  Kinney,  Poitland,  Me.,  visited  Bath,  Rockland,  Southwest  Harbor,  and 
Boothbay,  Me. 

Sergt.  O.  B.  Cole,  Boston,  Mass.,  visited  Marblehead,  Gloacester,  and  Newport,  Mass. ; 
Portsmouth,  N.  H. ;  New  Bedford,  Wood's  Holt,  Hyaunis,  Highland  Light,  Bass  River 
Light,  and  Provincetown,  Mass. 

Sergt.  John  G.  Lynch,  New  London,  Conn.,  visited Stonington,  Conn.;  Bristol,  R.  I., 
Fall  River,  Mass.,  and  Newport,  R.  I. 

Seigt  J.  O.  Conway,  Narragansett  Pier,  R.  I.,  visited  Point  Judith,  R.  I. 

Seigt.  Meyer  Herman,  New  Orleans,  La.,  visited  Port  Eads,  La. 

Sergt  J.  P.  Sherry,  Norfolk,  Va.,  visited  Fort  Monroe,  Va. 

Seigt  S.  C.  Emery,  Savannah,  Ga.,  visited  Port  Royal,  S.  C. ;  Tybee  Island,  and 
Brunswick,  Go. 

Sergt  J.  W.  Smith,  Jacksonville,  Fla.,  visited  Femandina,  Fort  George  Island,  and 
Saint  Augu&tine,  Fla. 

Sergt.  E.  W.  McGann,  Rochester,  N.  Y. ,  visited  Charlotte,  N.  Y. 

Seigt  W.  W.  Eichelberger,  New  York  City,  visited  City  Island,  N.  Y. 

Seigt  I.  A.  Reed,  Indianola,  Tex.,  visited  Corpus  Christi,  Tex. 

Sergt  Appleton  Pritchard,  Mobile,  Ala.,  visited  Fort  Morgan,  Ala. 

Sergt  J.  H.  Sherman,  New  Haven.  Conn.,  visited  New  Haven  Light,  Conn. 

Private  II.  B.  Boyer,  Key  West,  Fla.,  visited  Sand  Key  Light,  Fla. 

Full  and  complete  instructions  for  the  guidance  of  displaymen  have  been  prepared  in 
pamphlet  form,  and  copies  will  shortly  be  furnished  each  special  display  station. 

I  would  earnestly  recommend  that  the  following  be  included  in  the  next  estimate  of 
appropriations  for  this  service,  under  the  item  headed :  "  Expenses  of  storm,  cautionary, 
and  other  signals  on  the  sea,  lake,  and  gulf  coast  of  the  United  States,  announcing  the 
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inobable  approach  and  foroe  of  storms,  including  the  pay  of  ohservers,  services  of  oper- 
ators, lanterns,  flags,  &c.:" 

Fay  of  displaymen - — $7,500  00 

Lanterns  and  flags 5,000  00 

Incidentals  (such  as  repairs  to  flag-stafib,  &c.) _ 2,500  00 

15,000  00 

The  flag-staff  at  the  special  display  stations  of  the  Service  are  located  as  below: 

Ahnapee,  Wi». — The  flag-staff  is  on  a  slight  eminence  inside  the  harbor  piers  and  about 
40  feet  high;  the  signal  can  be  seen  from  the  lake  and  harbor. 

Bom  Biver  Light,  Mau, — ^The  flag-staff  is  near  the  light-honse. 

Baihy  Me, — The  flag-staff  is  on  the  roof  of  the  United  States  cnstom-honse,  which 
commands  a  view  of  the  whole  city  and  harbor. 

Barnegai  Ofty,  N.  J, — ^The  flag-staff  is  located  in  front  of  the  Oceanic  Hotel,  and  oom- 
miuids  a  fine  view  of  the  ocean. 

Bay  atpf  Mich, — The  flag-staff  is  at  the  foot  of  Seventh  street,  and  can  be  seen  for  3 
miles  in  any  direction;  it  is  about  75  feet  high. 

BoaOibay,  Me, — The  flag-staff  is  situated  on  a  hill  at  the  head  of  the  bay,  commanding 
a  good  sight  of  the  harbor  and  its  entrance. 

Brunswiekj  Ga, — ^The  flag-staff  is  on  the  top  of  a  high  building,  and  commands  a  fine 
view. 

Ch/d>oygan^  Mich, — The  flag-staff  is  on  top  of  the  village  hall,  and  can  be  seen  from  the 
harbor. 

Oify  Island,  N,  y.—- The  flag-staff  is  on  the  roof  of  the  office  of  the  Ship  News  As- 
sociation, which  is  also  the  office  of  the  displayman. 

Corpus  Chrislif  Tex. — The  flag-staff  is  on  the  top  o^a  high  hill.  The  flags  and  lights 
can  be  seen  for  about  3  or  4  miles. 

Dunkirk,  N.  Y, — The  flag-staff  is  on  the  top  of  a  five-stoxy  building,  commanding 
ing  a  good  view  of  the  harbor. 

EaH  Tawas,  Mich. — The  flag-staff  is  on  the  beach  near  the  steamboat  landing,  and  is 
100  feet  high.    It  can  bo  seen  distinctly  all  over  Tawas  Bay. 

Frankfort,  Mich. — ^The  flag-stxUF  is  on  Main  street,  in  the  western  part  of  the  village. 
A  new  pole  will  probably  beerected  in  front  of  the  post-office  on  Main  street,  where  the 
signals  can  be  seen  from  every  part  of  the  harbor. 

Otoueester,  Mass. — The  flag-staff  is  on  the  top  of  the  custom-house,  and  the  signals  are 
visible  from  all  parts  of  the  harbor. 

Green  Bay,  Wis. — ^The  flag-staff  is  on  the  top  of  a  grain  elevator,  and  can  be  seen  from 
the  bay  and  river. 

Highland  Light,  Mass. — The  flag-staff  is  close  to  the  station  house,  and  near  the  light- 
house.   All  vessels  going  in  and  out  of  the  bay  pass  within  view  of  the  signal. 

Syannis,  Mass. — The  flag-staff  is  on  a  high  bank  near  the  light-house. 

Kenosha,  Wis. — ^The  flag-staff  is  on  the  top  of  the  Simmons  Building,  and  can  be  seen 
from  every  portion  of  the  harbor  and  bay. 

Kewaunee,  Wis. — ^The  flag-staff  is  on  a  high  hill  overlooking  the  town  and  harbor. 
The  location  is  excellent,  and  the  signals  can  be  seen  by  vessels  passing  far  out  on  the 
lake. 

Ludington,  Mich. — The  flag-staff  is  at  the  comer  of  Ludington  avenue  and  Harrison 
street.    The  pole  is  150  feet  high,  and  the  location  is  excellent. 

Manistee,  Mich. — ^The  flag-staff  is  on  the  roof  of  the  Englemann  block,  comer  of  South 
Water  and  Maple  streets.  The  location  is  very  good,  and  the  flag  can  be  seen  from  every 
part  of  the  harbor. 

Manitowoe,  Wis. — The  flag-staff  is  on  top  of  the  telegraph-office  building,  one  block 
from  the  river,  and  can  bo  seen  from  every  part  of  the  river  and  harbor.      * 

Marblehead,  Mass. — The  flag-staff  is  in  front  of  the  town  hall,  which  is  only  one  block 
from  the  beach.  The  signals  are  plainly  visible  from  the  river  and  harbor  and  for  a  dis- 
tance of  from  10  to  13  miles  out  on  the  bay. 

Fort  Morgan,  Ala. — The  flag-staff  is  on  the  parapet  of  Fort  Motgan. 

Montague,  Mich. — The  flag-staff  is  on  the  roof  of  a  warehouse,  between  Montague  and 
Whitehall.    It  can  bo  seen  from  eveiy  part  of  the  harbor. 

Muskegon,  MicK — The  flag-staff  is  on  the  roof  of  the  Mason  block,  comer  of  Western 
avenue  and  First  street,  in  the  central  pa;rt  of  the  city.  The  display  can  be  seen  from 
every  part  of  the  harbor. 

New  Bedford,  Mass. — The  flag-staff  is  on  the  wharf  of  the  Philadelphia  and  Reading 
Coal  Company,  and  is  visible  from  all  parts  of  the  harbor. 
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New  Haven  lAghi,  Conn, — ^The  flag-staff  is  on  the  top  of  the  abandoned  light-house 
at  this  station. 

Fewtwater,  Mich. — ^The  flag-staff  is  in  a  central  part  of  the  town.  It  can  he  8eenfix>m 
every  part  of  the  village. 

FeUfskey^  Mich, — The  flag-staff  is  on  Lake  street,  between  the  depot  and  the  Cnshman 
Honse.    It  can  be  seen  from  every  part  of  the  harbor. 

Frovineeiown,  Mass. — The  flag-staff  is  on  the  top  of  a  high  hill  in  the  center  of  the 
town. 

Saeine,  Wis, — ^The  flag-staff  is  on  the  roof  of  the  warehouse  of  the  Groodrich  Trans- 
portation Company  at  harbor  entrance.  Vessels  passing  in  or  out  of  port  pass  witibin 
60  feet  of  the  flag-staff. 

Bocklandj  Me. — The  flag-staff  is  on  the  roof  of  the  United  States  custom-house. 

Saint  Joseph,  Mich. — The  new  flag-staff  to  bo  erected  will  bo  placed  on  a  high  bluff 
overlooking  the  harbor,  at  the  foot  of  Ship  street,  and  can  be  seen  from  every  xuirt  of  the 
harbor. 

Sand  Beach,  Mich. — The  flag-staff  is  immediately  in  front  of  the  displayman*s  office, 
and  can  be  seen  from  the  lake  and  bay. 

Shdtoygan,  Wis. — A  new  flag-staff  will  shortly  bo  erected  at  this  station. 

South  Hqven,  Mich. — ^The  fli^-staff  is  on  a  high  bluff  in  the  western  part  of  the  town, 
and  can  be  seen  from  every  part  of  the  barber. 

Southwest  Harbor,  Me. — ^The  flag-staff  is  on  a  hill  overlooking  the  harbor,  and  in  an 
excellent  position. 

StKTffeon  Bay,  Wis. — The  flag-staff  is  on  the  dome  of  the  Court  House,  and  has  an 
elevation  of  about  150  feet  above  ground.  The  signals  can  be  seen  from  Lake  Mich- 
igan, and  from  the  canal  and  Sturgeon  Bay  to  the  entrance  from  Green  Bay. 

Tifbee  Island,  Ga. — The  flag-staff  is  on  the  top  of  the  old  tower,  the  highest  point  on 
the  island,  and  is  40  feet  above  the  ground. 

Wood\^  Holl,  Mass. — ^The  flag-stiSf  is  at  Nobska  Point  near  the  light-house.  The 
displayman  at  Wood's  Holl  displays  the  signals  from  a  staff  in  front  of  his  honse,  and 
they  are  duplicated  at  Nobska  Point.  The  signals  can  be  seen  by  all  vessels  passing 
through  Vineyard  Sonnd. 

Very  respectfully,  your  obedient  servant, 

F.  R.  DAY, 
Second  Lieutenant,  Sigkal  Corps. 

The  Chief  Signal  Officer  of  the  Abmy. 

WashinffUm,  D.  Q 


APPENDIX  g. 

BIVEB  BEPOKTS  AND  FLOODWABNINQ& 

Signal  Office,  Wab  DEPABiHsirr, 

Wa^ingUm  dig,  June  30, 1886. 

Sir  :  I  bave  tho  honor  to  submit  my  report  on  the  system  of  river  and  flood  reports  for 
the  year  ending  this  day,  together  with  such  additionid  data  as  have  been  gatheied  since 
hut  report 

The  Tolne  of  simnltaneons  river  reports  from  and  between  river  stations,  at  selected 
points  in  the  various  water-sheds  of  the  country,  does  not  consist  wholly  in  the  fore- 
warning of  dangerous  rises,  however  valuable  these  warnings  may  be.  It  is  important 
that  inaddition,  continuous  and  exact  observations  should  be  made  and  permanent  records 
kept  for  the  benefit  of  the  commerce  of  our  navigable  rivers  and  shipping  interests  gen- 
erally. It  is  very  important  to  know  the  stage  of  water  at  all  times,  but  more  especially 
is  this  valuable  when  the  water  is  at  a  very  low  stage,  as,  from  the  information  famished 
by  tho  records  at  the  Signal  Service  river  stations,  captains  and  others  can  determine  the 
height  of  water  at  places  where  there  are  dangerous  bars. 

Since  the  establishment  of  the  Pittsburg,  Chattanooga,  and  Saint  Louis  River  systems, 
with  the  observer  at  the  central  station  in  charge  of  the  special  reporting  stations  in  the 
section,  tho  plan  has  met  with  such  gratifying  results  that  it  has  been  widely  extended, 
and  centers  have  been  established  at  Cairo,  Leavenworth,  Littio  Rock,  La  Crosae,  Nash- 
ville, New  Orleans,  ShreveportfOndVicksburg,  for  the  collection  of  river  reports  from  the 
special  stations,  for  distribution  to  places  and  interests  affected  by  high  and  low  water. 

It  being  advisable  to  have  the  gauges  at  a  number  of  the  river  stations  rebuilt  or  re- 
placed, the  bench-marks  and  zeros  properly  determined,  the  reports  distributed  over  as 
large  an  area  as  possible,  and  the  service  mado  of  as  much  benefit  to  the  public  as  the 
money  allotted  for  the  purpose  would  permit,  Mr.  H.  W.  Brewer,  <uvil  engineer  and  river 
expert,  has  during  the  post  two  years. inspected  the  following  river  stations,  and,  when 
possible,  determined  the  height  above  sea-level  of  the  zero  of  the  gauges  and  the  danger 
lines,  t(]^ether  with  such  other  information  as  would  tend  to  give  these  river  reports  to 
the  public  in  tho  shortest  time,  and  at  places  where  they  would  be  of  the  meet  benefit 
Tho  following  places  have  been  thus  visited  by  Mr.  Brewer: 

Decatur,  Ala.,  Johnsonville,  Tenn.,  Paducah,  Ky.,  Warsaw,  m.,  Evansville,  Ind., 
Louisville,  Ky.,  Cincinnati,  Ohio,  Marietta,  Ohio,  Wheeling,  W.  Va.,  Camden,  Ark., 
Bayou  Sara,  La.,  Vicksbuig,  Miss.,  Yazoo  City,  Miss.,  Arkansas  City,  Ark.,  Little  Bock, 
Ark.,  Newport,  Ark.,  Fulton,  Ark.,  Shreveport,  La.,  Monroe,  La.,  Girard,  La.,  Delhi, 
La.,  Coushatta  Chute,  La.,  Alexandria,  La.,  New  Orleans,  La.,  Nashville,  Tenn.,  Car- 
thage, Tenn.,  Bumside,  Ky.,  Saint  Louis,  Mo.,  Saltsburg,  Pa.,  Mahoning,  Pa.,  Brook- 
ville.  Pa.,  Weston,  Pa.,  Parker's  Landing,  Pa., Clarion,  Pa.,  Warren,  Pa.,  Freeport,  Pa., 
Johnstown,  Pa.,  Oil  City,  Pa.,  Lock  No.  4,  Pa.,  Moigantown,  W.  Va.,  and  Rowlesburg, 
W.Va. 

As  an  example  of  this  work,  the  observer  at  Cairo,  lU. ,  sends  at  3  p.  m,  daily,  two  spe- 
cial messages,  one  to  the  river  observer  at  Evansville,  Ind.,  containing  the  river  words 
from  Pittsbui^,  Cincinnati,  Louisville,  Mount  Carmel,  Na^viUe,  Chattanocga,  Paducah, 
and  Saint  Louis ;  and  the  other  to  Messrs.  Fowler,  Crumbaugh&  Co.,  at  Paducah,  Ky., 
containing  the  river  readings  at  Cairo,  Chattanoo^  Cincinnati,  Evansville,  Louisville, 
Mount  Carmel,  Nashville,  Pittsburg,  and  Saint  Louis. 

These  telegrams,  which  are  sent  in  cipher,  are,  upon  being  received,  translated  and  en- 
tered on  manifold  bulletins  and  posted  in  prominent  places  near  the  steamboat  landings. 

At  the  urgent  request  of  the  citizens  of  Shawneetown,  111.,  and  vicinity,  for  reports  of 
the  stage  of  water  in  the  Wabash  and  Ohio  Rivers  during  floods  and  dangerous  rises,  a 
special  river  station  was  established  on  the  Wabash  River  at  Yincennes,  Ind.,  March  1 
188G.  A  contract  has  been  made  for  the  erection  of  a  river-gauge  at  Yincennes,  and  reg- 
ular observations  will  be  txUcen  during  floods  and  t^egraphed  to  Shawneetown,  111. ,  where 
arrangements  have  been  made  for  bulletining  them  for  the  information  of  the  Dublic. 

154 


REPOET   OF   THE   CHIEF  SIGNAL   OFFICER.  155 

The  observer  at  Cairo,  111.,  has  been  instracted  to  send  special  reports  by  telegraph  to 
Shawneetown  when  the  water  at  Cinclnaati  marks  33  feet,  and  is  rising.  The^e  specLil 
reports  will  contain  the  river  heights  at  Cincinnati,  Louisville,  Evansville,  and  Mount 
C^mnel;  and  they  will  be  suspended  when  the  Ohio  River  begins  to  fall  at  Evansville, 
as  it  is  then  considered  that  the  danger  at  Shawneetown  is  passed. 

The  appropriation  for  river  and  flc^  reports  not  being  sufficient  to  continue  both  the 
7  a.  m.  and  2  p.  m.  river  observations  at  the  stations  in  the  Pittsburg,  Pa.,  section,  it 
was  necessary,  on  March  1, 1886,  to  discontinue  the  2  p.  m.  river  observation  at  all  places 
in  that  section  that  had,  prior  to  that  date^  taken  two  observations  daily. 

The  time  of  taking  the  gauge  readings  at  Bumside,  Ky.,  was  changed  by  Instructions 
No.  G6,  1835,  so  that  observations  will  bo  taken  hereafter  from  December  1  to  August 
1,  each  year;  and  at  Carthago,  Tenn.,  from  December  1  to  July  1. 

The  following  stations  have  not  been  inspected  by  Mr.  Brewer:  Albany,  Oreg. ;  Co- 
lusa, Cal.;  Charleston,  Tenn.;  Clinton,  Tenn.;  Dardanelle,  Ark.;  Eugene  City,  Oreg.; 
Folsom  City,  Cal. ;  Grand  Tower,  111.;  Harper's  Ferry,  W.  Va.;  Kingston,  Tenn.;  Lead- 
vale,  Tenn.;  Lexington,  Mo.;  Loudon,  Tenn.;  Maxysville,  Cal.;  Mount  Carmel,  111.; 
Mount  Holly,  N.  C. ;  Oroville,  Cal. ;  Peoria,  111. ;  Rockwood,  Tenn. ;  Strawberry  Plains, 
Tenn.;  Saint  Joseph,  Mo.;  Umatilla,  Oreg.;  and  Yincennes,  Ind. 

At  the  present  date  there  are  sixty-eight  paid  special  river  stations  in  operation. 

The  river  observer  at  Muscatine,  Iowa,  makes  no  charge  for  rendering  monthly  re- 
ports to  this  office. 

The  following  river  stations  were  established  during  the  year:  Lock  No.  4,  Pa. 
(Pittsburg,  Pa.,  center),  December  11,  1885;  Dardanelle,  Ark.  (Little  Rock,  Ark., 
center),  January  11,  1886;  Lexington,  Mo.,  (Saint  Louis,  Mo.,  center),  February  18, 
1886;  Yincennes,  Ind.  (Cairo,  HI.,  center),  March  1,  1886. 

The  following  river  stations  were  discontinued  during  the  year:  Prescott,  Wis.  (La 
Crosse,  Wis.,  center),  July  24,  1885;  Brownsville,  Pa.  (Pittsburg,  Pa.,  center),  De- 
cember 1, 1885;  Brunswick,  Mo.  (Saint  Louis,  Mo.,  center),  December  15,  1885;  Rock- 
wood,  Tenn.  ((jhattanooga,  Tenn.,  center),  December  31, 1885. 

The  following  extracts  from  letters  written  by  observers  at  river  stations,  and  from 
special  river  observers,  give  interesting  data  concerning  the  floods  that  occurred  during 
the  year,  and  the  benefits  that  have  been  derived  from  river  reports: 

Mr.  J.  B.  Miles,  special  river  observer  at  Helena,  Ark.,  in  a  letter  dated  May  3, 
1886,  says: 

*'You  will  notice  in  my  report  that  the  river  rose  rapidly  on  April  25  and  26,  1886, 
and  suddenly  fell  off.  This  rapid  rise  continued  until  duringthenight  of  April  2G,  when 
ihoee  who  were  watching  the  levees  and  gauge  said  it  not  only  stopped  rising,  but  fell 
suddenly  when  Hie  levees  gave  way.  At  the  time  the  levees  gave  way  tho  river  was 
rising  half  an  inch  an  hour  and  remained  stationary  for  a  few  hours,  and  theu  com- 
menced rising  nearly  one-fourth  of  an  inch  per  hour,  until  at  sundown  of  tho  27th  when 
the  levees  gavo  way  at  Austin,  and  then  the  river  fell  about  one  inch,  but  afterwards 
regained  the  fall  and  continued  to  rise  until  it  attained  the  highest  point  ever  reached 
here— 48.1  feet" 

The  observer  at  Keokuk,  Iowa,  in  a  letter  dated  June  3, 1886,  says: 

*'Tho  river  reports  are  of  importance  to  steamboatmen,  raftsmen,  and  lumbermen, 
at  all  seasons  of  the  year,  and  the  masters  and  pilots  of  all  boats  stopping  consult  the 
bulletin  for  reliable  information. 

'*  Steamboatmen  then  know  how  deep  they  may  load  their  boats,  and  what  channels 
may  be  safely  run. 

''RaAsmen  can  ascertain  if  it  is  safe  to  run  the  rapids,  saying  tho  time  of  coming 
through  the  Des  Moines  Rapids  Canal. 

*'0n  May  4, 1886,  Mr.  B.  B.  Hinman,  a  capitalist  owning  a  large  tract  of  bottom 
lands  south  of  the  Des  Moines  River,  called  at  the  office  for  information.  Tho  observer 
gavo  as  his  opinion,  based  on  the  reports  received,  that  there  wasdonger  of  an  additional 
rise  of  two  feet.  Mr.  Hinman  at  once  put  a  force  of  men  to  strengthening  his  levees; 
and  neighboring  farmers  took  tho  same  precaution,  saving  their  lands  from  overflow. 
Had  these  lands  been  overflowed  the  planting  of  the  crops  would  have  been  greatly  re- 
tarded." 

The  observer  at  New  Orleans,  La.,  in  a  letter  dated  June  8,  1886,  says: 

'*The  system  of  special  river  stations  and  reports  in  this  section  is  of  great  benefit 
to  rivermen  and  shippers,  as  is  shown  by  the  following:  The  greater  portion  of  the 
Ouachita  River  was  too  low  for  navigation,  so  that  Capt.  L.  V.  Cooley  was  compelled 
to  store  freight  for  several  trips,  to  points  that  could  not  be  reached  on  tho  banks  of  the 
river  below  these  points  until  he  had  navigable  water.  He  asked  me  onco  if  he  could 
make  a  trip  next  day  and  receive  freight  for  all  his  points.  I  advised  him  to  do  so,  us 
heavy  rains  were  falling  in  that  section,  as  shown  by  the  reports.  Ho  acted  on  tho  ad- 
vice. In  the  mean  time  the  river  rose  about  10  feet.  He  was  therefore  able  to  deliver 
the  freight  he  had  aboard,  and  that  which  he  had  stored." 
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"  This  is  one  of  many  instances  where  these  reports  have  been  of  sach  great  valae  and 
benefit  to  the  rivermen  and  shippers.  The  amount  saved  by  these  reports  in  this  sec- 
tion alone  will  more  than  pay  for  the  entire  river  service.'' 

The  observer  at  Cairo,  III.,  in  a  letter  dated  June  10, 1886,  says: 

*'Tho  special  telegram  from  year  oilioe,  dated  March  30, 1686,  announcing  the  over- 
flow of  the  low  lands  in  this  vicinity,  was  of  incalcalable  benefit  to  both  farmers  and 
nulrood  companies,  as  well  as  all  classes  of  business  situated  along  the  river  front. 
Farmers  immediately  took  steps  to  move  their  stock  to  a  place  of  safety,  and  to  dispose 
of  their  grain.  Hailroad  companies  began  to  rip-rap  their  road-beds,  and  all  classes  of 
business  on  the  river  front  made  preparations  for  the  rise  predicted.  The  value  of  the 
river  reports  to  merchants,  railroad  companies,  factories,  mills,  and  farmers  in  this 
vicinity  cannot  be  estimated.  Every  available  means  was  utilized  in  warning  the  peo- 
ple of  the  coming  flood.  All  railroad  companies  and  business  men  were  furnished  with 
a  copy  of  the  a.  m.  and  p.  m.  river  bulletin.  The  railroad  companies  had  the  ihll  report 
telegraphed  to  their  presidents,  stationed  in  other  cities,  daily,  and  every  railroad  station 
along  the  river  was  furnished  with  the  full  report  in  the  same  ^vay.'' 

The  observer  at  Augusta,  Ga.,  in  a  letter  dated  Juno  12,  1886,  commenting  on  the 
necessity  of  river  stations,  says: 

**\Vero  lb  possible  to  establish  a  special  river  station  at  a  point  below  the  junction  of 
the  Broad  and  Savannah  Rivers,  a  distance  by  water  of  100  miles  from  here,  and  daily 
reports  furnished  this  station,  the  knowledge  of  sudden  rises  in  the  river  would  prove  of 
great  valuo  to  the  farmers  along  the  river  country,  by  means  of  which  they  would  be 
enabled  to  shelter  stock  in  places  of  safety  and  secure  them  beyond  reach  of  these  devas- 
tating and  destructive  floods. ' ' 

The  observer  at  Louisville,  Ky.,  in  a  letter  dated  June  9,  1886,  says: 

**Tbat  the  system  of  river  reports  is  beneficial  to  thoso  who  have  interests  at  stake  on 
the  river  and  adjacent  to  it,  is  shown  by  the  interest,  these  people  take  in  them.  Dar- 
ing the  recent  flood  they  were  especially  valuable,  and  were  watched  by  rivermen  and 
others  whose  interests  were  threatened  by  a  sudden  rise. 

'*The  Signal  Service  reports  are  the  only  ones  regarded  as  authentic,  and  frequent  re- 
quests for  information  are  made  to  this  office  by  prominent  business  men  of  the  city, 
both  by  telephone  and  by  personal  application.  The  press  manifests  its  interests  in  the 
reports  by  publishing  them  daily  for  the  benefit  of  their  readers.'' 

The  observer  at  Pittsburg,  Pa.,  in  a  letter  dated  Juno  0,  1886,  remarking  on  the 
value  of  river  reports,  says: 

'*  Thero  is  no  other  work  of  the  service  in  this  city  of  which  the  benefits  are  so  imme- 
diately recognized,  or  more  highly  appreciated,  and  the  only  complaint  of  those  inter- 
ested in  the  navigation  of  the  rivers  is  the  few  stations  in  the  section,  and  the  few  reports 
from  those  in  operation." 

The  observer  at  Nashville,  Tenn.,  in  a  very  comprehensive  report,  dated  June?,  1886, 
on  the  river  system  in  his  section  and  of  the  floods  which  occurred  between  March  31 
and  April  14,  1880,  says: 

**  Prompt  and  timely  warning  was  given  to  tho  lumber,  steamboat,  and  other  interests 
in  this  city,  and  at  Clarksville,  Tenn.,  forty  miles  below  Nashville. 

**Tri-daily  bulletins  were  issued  from  2  p.  m,,  March  31,  to  11  p.  m.,  April  14, 1886. 
Following  the  issue  of  a  few  special  river-bulletins,  the  entire  population  seemed  to 
place  implicit  confidence  in  the  system  of  river  reports,  and  great  was  the  demand  there- 
for. Thousands  of  requests  were  made  as  to  tho  probable  stage  the  river  would  reach. 
The  losses  to  the  business  interests  were  comparatively  light,  owing  to  the  timely  warn- 
ings sent  out.  Families  who  resided  on  low  ground  sustained  heavy  losses.  Though 
warned  in  time,  many  were  unable  to  remove  their  household  effects  to  higher  ground, 
simply  for  the 'reason  that  they  were  too  poor  to  do  so. 

' '  The  damage  to  farming  lands  in  the  upper  counties  amounted  to  considerable.  The 
damage  would  have  increased  twofold  had  not  timely  warning  been  given.  In  many 
cases  the  wheat  crop  became  a  total  loss.    Much  fencing  was  also  desti-oyed. 

**  The  following  x>™ctical  illustration  may  tend  to  show  the  great  usefulness  to  which 
the  Cumberland  River  Service  has  attained  in  this  community: 

'*  The  total  expense  incurred  during  tho  floods,  at  tho  special  river  stations,  from 
March  31,  to  April  15,  1886,  was 

"Bumslde,  Ky.: 

' 'Services  as  special  observer f7  00 

''Expense  of  telegraphing 3  00 

"Carthage,  Tenn.: 

"Servicesas  special  observer _ 10  00 

"Cost  of  telephone  messages 7  80 


tii 


Total  cost— ^-- r-r.T r-—  -r ^ ^—      |27  8Q 


BEPOBT   OF   1>H£  CHIEF  SIGNAL   OFFICES. 


157 


"  From  tho  above  ifc  will  be  noted  that  the  cost  of  the  special  service  was  only  127.80. 
This  is  an  insignificant  snm  in  comparison  ^ith  the  money  value  of  property  saved  here, 
and  at  Clarksville,  40  miles  below.  As  tho  'Daily  Morning  American'  wisely  puts 
it,  Hhis  is  the  most  economical  and  usefal  department  of  the  Government. ' 

"The  following  table  shows  the  amount  of  damage,  expressed  in  money  value,  which 
occurred  in  and  around  Nashville  during  the  floods  of  March  31,  to  April  15, 1886,  esti- 
mated with  great  care  and  accurac;^ : 


Name. 


Prewitt^Spurr  Sl  Co 

Edfleld  in  Notthvillo  Maaufacturinff 

Company. 

William  Sutherland  &  Co 

Naahvillo  Cooperage  Company. 

B.  S.  Rhea  &  Hon,  f^rain  elevator 

Indiana  I»uml9er  Company 

Leibmanh,  Lovcman  &  O'Brien 

Steamboat  interests. 

Nashville  Lumber  Company 

City  Waterworks 

Nashville  Blood  Horse  Association.... 

Cooper  ic  Co 

B.a.Wood 

Briok-yards. 

Misc^laneoas,  household  goods, 

street-car  obstructions,  &c. 


Business. 


Lumber,  hardwoods,  buckets.  &c... . 
Doors,  veneering,  and  fancy  wood' 
work. 

Lumber  and  planing  mill 

Barrels  and  buckets 

Corn,  oats,  and  wheat 

Straight  lumber 

Doors,  sash,  and  blinds 


Actual 
loss. 


Lumber  and  hardwood. 


Stables,  &c. 

Lime,  plaster,  and  cement . 
Boilers  and  smithing 


Total, 


42,225  00 


Estimated 

loss  if 

warnings 

had  not 

been  given. 


1550  00 

110,000 

200  00 

700 

0 

4,000 

S30  00 

«» 

0 

600 

3SO0O 

800 

0 

400 

0 

1,100 

0 

600 

20O0O 

3,000 

aoooo 

2,000 

250  00 

5,000 

25  00 

200 

5,000  00 

0,000 

85,000  00 

00,000 

128,200 


*'  The  two  years  experience  with  the  river  system  has  already  fully  demonstrated  that 
it  is  practicable  for  the  prediction  of  rises  to  within  one  or  two  feet  at  this  point.  The 
only  difficulty  which  has  to  bo  overcome  is  the  uncertainty  of  time  it  takes  for  the  wave 
to  reach  Nashville  from  the  headwaters.  This  rate  of  progress  varies  with  certain  stages 
of  the  water.  For  instance,  if  the  water  is  at  a  low  staie  at  Carthage  and  Nashville 
the  wave  travels  slower  from  Bumside  downward;  should  tho  water  be  moderately 
high,  say  15  to  20  feet  at  Nashville  and  Carthage,  the  rate  of  flow  is  faster. " 

The  Mobile  Cotton  Exchange  and  Chamber  of  Commerce,  in  a  letter  dated  November 
30, 1885,  strongly  requested  that  river  stations  be  established  in  Upper  Alabama  and 
Northern  Mississippi.    The  following  extract  is  made  from  this  letter: 

''The  stage  of  water  in  the  upper  rivers  of  Alabama  and  Northeast  Mississippi  is  a 
qnestion  of  much  importance  to  the  trade  relations  of  Mobile  and  the  interior. 

*'  Several  times  during  the  last  two  months  the  absence  of  such  information  has  pre- 
vented boats  from  receiving  freight  from  tho  upper  rivers  when  their  navigation  was 
entirely  practicable.  There  are  large  quantities  of  cotton  on  these  rivers  now  awaiting 
shipment,  and  delays  and  difficulties  occur  annually  for  want  of  this  information. 

**  Wc  therefore  respectfully  request  and  urge  the  Signal  Service  Bureau,  in  behalf  of 
the  merchants  of  Mobile  and  the  planters  and  merchants  of  the  interior,  that  river- 
gauges  be  established. '  * 

On  account  of  tho  insufficient  appropriation  this  office  was  compelled  to  inform  these 
gentlemen  that  it  was  impossible  to  establish  these  stations  at  present. 

Saint  Louis^  Mo. — The  observer  at  Saint  Louis,  Mo.,  in  a  letter  dated  June  17, 1886, 
says: 

**  Considerable  benefit  is  derived  from  the  system  of  special  river  reports  in  this  sec- 
tion. 

'* Telegraphic  reports  from  Hermann  and  Kansas  City,  Mo.,  Warsaw  and  Peoria,  HI., 
were  received  daily,  as  they  are  of  value  to  rivermen  in  this  city  at  all  seasons  of  the 
year. 

'*  The  New  Orleans  Anchor  Line  and  the  Mississippi  Valley  Transportation  Company 
receive  daily  reports  by  telephone  of  the  stage  of  the  water  at  the  above-named  points  im- 
mediately upon  their  receipt  at  this  office,  and  these  companies  often  load  their  steam- 
boats and  barges  according  to  the  river  reports. 

' '  The  statipn  at  Jerome,  Mo. ,  has  been  of  considerable  benefit  to  citizens  of  that  vicin- 
ity, who  are  largely  interested  in  tie-rafting.  By  means  of  the  rain-gauges  they  can  de- 
tennine,  with  some  degree  of  accuracy,  the  probable  height  the  river  will  attain,  ai|d 
f^  thereby  enabled  to  take  proper  measi^res  for  the  safety  of  their  rafts." 
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The  following  extract  of  a  letter  from  Mr.  W.  P.  Hammond,  a  prominent  farmer  at 
Warsaw,  Ill.«  famishes  interesting  facts  in  regard  totheyaloeof  river  reports  in  the 
vicinity  of  Warsaw: 

**  The  advantages  of  the  river  station  at  this  place  to  the  80, 000  acres  of  allnvial  lands 
between  Warsaw  and  Quincy  is  almost  inestimable,  giving  as  it  does  to  the  ownen  or 
occupants  timely  warning  of  the  approach  of  dangerous  floods  from  above.  The  300,000 
acres  above  the  mouth  of  the  Illinois  is  very  much  affected  by  any  unusual  water  ai 
this  point,  lying  as  it  does  just  below  the  Des  Moines,  which  ollen  contributes  danger- 
ous additions  to  the  Mississippi  floods." 

Chattanooga,  Tenn, — The  o^rver  at  Chattanooga,  Tenn.,  in  a  communication  dialed 
June  17,  18S6,  remarking  upon  the  usefulness  of  the  special  river  reports  in  Ips  sectioii, 
says: 

**  Every  one  was  kept  fully  posted  twice  a  day  of  the  e.\act  stage  of  the  water  and 
amountof  rainfall  during  the  recent  floods.  The  most  important  points  above  and  below, 
as  far  as  Paducah,  were  notified  by  telegraph  of  the  alarming  condition  of  things.  The 
trained  river  observers  at  Strawberry  Plains,  Knoxville,  and  Loudon  on  the  Tennessee, 
at  Clinton  and  Kingston  on  the  Clinch,  at  Leadvale  on  the  French  Broad,  and  at  Charles- 
ton on  the  Hiawassee  Rivers,  forwarded  their  reports  promptly  and  accurately.  These 
reports  were  the  only  reliable  information  received  and  were  the  means  of  saving  at 
least  $500,000  worth  of  property. 

'*  Without  the  system  of  flood  reports  established  by  this  service  the  public  would  be 
obliged  to  rely  upon  such  information  as  the  newspapers  furnish,  and  this  would  be 
wholly  unreliable,  owing  to  the  proneness  of  special  correspondents  to  exaggerate  and 
send  in  startling  items  rather  than  plain  facts." 

BIVEB  STATIONS. 

Saint  Paulf  Minn. — ^The  zero  of  the  river-gauge  is  1.75  feet  below  the  low  water  of 
September  5  and  13,  1877. 

Elevation  above  sea,  073  feet. 

Danger  begins  at  7  feet. 

La  Crosse,  Wis, — ^Tho  zero  of  the  gauge  is  the  low  water  of  1871,  and  is  about  043  feet 
above  sea-level. 

The  United  States  engineers  give  elevation  of  low  water  of  1884  as  021.23  feet  above 
sea-level. 

Danger  begins  at  24  feet. 

The  United  States  engineers  give  the  highest  water  as  15.47  feet,  occurring  in  June, 
1870. 

Wabasha,  Minn. — The  river-guoge  is  placed  on  one  of  the  front  piles  of  the  elevator 
wharf  near  the  foot  of  Alleghany  street.  It  was  erected  by  the  United  States  engineers. 
The  zero  is  G56  feet  above  sea-level. 

Danger  begins  at  G  feet,  when  the  low-lands  on  the  Wisconsin  side  are  submerged 
and  some  houses  at  the  north  end  of  the  town  have  water  on  the  lower  floors. 

The  highest  water  known  was  in  1880,  when  it  reached  a  height  of  13  feet  above  low- 
water  mark. 

Duhuquc,  Iowa, — ^The  zero  of  the  river-gauge  is  the  low  water  of  1864,  and  is  684  feet 
above  sea-level. 

D.angcr  bc^gins  at  10  feet. 

The  United  States  Engineer's  report  for  1880-^82  gives  the  elevation  of  low  water  of 
1804  as  578.22  feet  above  sea-level. 

Le  Claire,  lotca,— The  zero  of  gauge  is  the  low  water  of  18G4,  about  545  feet  above  sea- 
level. 

Danger  begins  at  10  feet. 

Highest  water  occurred  in  June,  1880 — 14.50  feet 

United  States  Engineers'  report  1880-^82  gives  the  low  water  of  1864  as  554  feet  above 
sea-level. 

Davenport,  Iowa. — The  zero  of  gaugeis  0.34  feet  below  low  water  of  1864,  and  is  645 
feet  above  sea-level. 

Danger  b^ns  at  15  feet. 

Highest  water,  20.50  feet,  occurred  in  1868.  The  zero  of  the  river-gauge  on  Rock  Isl- 
and bridge  is  541.15  feet  above  sea. 

Keokuk,  Iowa. — The  river-gauge  now  in  use  is  one  owned  by  the  United  States  Engi- 
neers, and  is  placed  iu  the  canal. 

The  zero  of  the  gauge  is  476.71  feet  above  sea-level. 

Danger  begins  at  14  feet. 

Highest  water  occurred  in  1 851— 21. 50  feet.  United  States  precise  bench-mazk  Na  1 
is  a  copper  bolt  in  coping  of  shore  side  of  lower  lock  of  the  Des  Moines  Bapids  Canal, 
Keokuk.    It  is  492.35  feet  above  sea-level,  and  15.64  feet  above  zero  of  gauge. 
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Warsaw,  III. — ^The  river-gaage  is  located  on  the  north  side  of  the  Keoknk  packet 

The  bench-mark  ia  a  cross  cat  in  the  top  surface  of  stone  sill  of  a  blind  window  near 
the  north  end  of  the  west  face  of  I.  W.  Same's  brick  warehoose,  and  marked  thns: 

'^'       This  bench-mark  is  S55.87  feet  above  zero. 

Elevation  of  bench-mark  and  zero  of  gange  above  sea  not  yet  determined. 
Length  of  gauge  above  zero  23.30  feet.  The  zero  point  is  the  low  water  of  1864^  and 
is  3  feet  above  the  bed  of  the  river.  Its  elevation  above  sea-level  is  474  feet.  Depth  of 
water  below  zero  about  3  feet.  Danger  line  on  gauge,  12  feet,  and  when  the  water 
reaches  this  point  the  low-lands  on  both  sides  of  the  river  begin  to  overflow.  The  area 
subject  to  overflow  at  this  stage  is  40,000  acres  on  the  Illinois  side,  and  something  over 
that  on  the  Missouri  side.  This  stage  endangers  farming  interests.  At  18  feet  other 
property,  such  as  houses,  stock,  &c.,  are  endangered,  espeSally  stock.  Floods  from  the 
Des  Moines  and  Fox  Rivers  are  generally  very  sudden. 
The  greatest  danger  is  from  ice  when  the  river  breaks  up. 

LtnUsianay  Mo. — ^The  river-gauge  is  cut  on  the  diuw-pier  of  the  bridge,  and  is  the 
property  of  the  Chicago  and  Alton  Railroad. 

The  zero  of  gauge  is  436.23  feet  above  sea-level.  Danger  b^ins  at  12  feet.  Highest 
water  was  in  1851,  when  it  reached  21.94  feet  on  gauge.  United  States  precise  bench 
xoastk  24  is  a  copper  bolt  set  vertically  in  top  surface  of  stone  forming  the  northeast 
comer  of  the  west  abutment  of  the  railroad  bridge  at  Louisiana.  It  is  466.61  feet  above 
sea-level,  and  30.38  feet  above  zero  of  gauge. 

Beardiownj  III. — The  river-gauge  is  pla(^  on  the  draw-pier  of  the  Chicago,  Burling- 
ton and  Quincy  Railroad  bridge  over  the  Illinois  River. 

The  height  of  gauge  above  zero  is  24.80  feet. 

Top  of  tie  on  bridge  above  zero,  34.  G3  feet. 

Ztfo  above  sea-level,  423  feet. 

United  States  bench-mark  is  the  top  of  uppermost  stone  of  northwest  comer  of  found- 
ation of  a  reddish-brown  brick  house  at  the  foot  of  Jefferson  street  Elevation  above 
low-water  surface,  20.55  feet.  Established  November  7, 1876,  from  water-suriace bench- 
mark at  Frederick. 

Highest  water  occurred  in  1882,  when  it  reached  22  feet  above  zero. 

Danger  begins  at  12  feet,  at  which  height  low  fanning  lands  are  submerged. 

Yankton^  Dak. — The  zero  of  the  river-gauge  is  the  bed  of  the  river,  and  is  1,176  feet 
•bove  sea-level. 

Danger  begins  at  24  feet. 

Omaha^  nSit. — The  zero  of  river-gauge  is  low  water  of  1867. 

Elevation  above  sea-level,  983  feet. 

Danger  begins  at  18  feet. 

PkMtmoulh,  Nebr. — The  zero  of  the  river-gauge  is  the  low  water  of  December  6, 1873. 

Elevation  above  sea-level,  908.75  feet 

Dfinger  begins  at  1G.58  feet. 

Leavenworth^  Kans. — The  zero  of  the  river-gauge  is  the  low  water  of  November,  1871. 

Elevation  of  zero  abcvo  sea-level,  753  feet 

Dwiger  begins  at  20  feet 

Highest  water  was  on  April  29, 1881,  and  was  25.83  feet 

Kansas  City,  Mo. — The  zero  of  gauge  is  1.50  feet  below  low  vraterof  December  2, 1874. 

Elevation  above  sea-level,  734  feet 

Dwiger  begins  at  21  feet. 

H^est  water  was  in  1884,  37  feet 

BoonmUey  Mo. — The  zero  of  the  river-gauge  is  the  low  water  of  December  1, 1872. 

Elevation  above  sea-level,  547  feet. 

Danger  begins  at  20  feet 

Remumn,  Mo. — Zero  of  gauge,  low  water  of  1878,  about  477  feet  above  sea-levoL 

Danger  begins  at  21  feet. 

Highest  water  occurred  in  May,  1881,  24.58  feet. 

JeromCy  Mo. — The  river-gauge  is  on  the  west  £ftoe  of  the  we^t  trestleof  the  Saint  Louis 
and  San  Francisco  Railroad  bridge  over  the  Gasconada  River  at  this  place. 

The  rail  on  bridge  is  683  feet  above  sea-level. 

The  zero  of  gauge  is  27.50  feet  below  this  rail,  and  635.50  feet  above  sea-level. 

Saint  Louis,  Mo. — The  river-gauge  is  the  property  of  the  United  States  Engineers.  It 
is  placed  at  the  foot  of  Market  street. 

Zero  of  gauge  is  379  feet  above  sea-level. 

Danger  begins  at  30  feet 

The  bench-mark  is  the  city  directrix,  which  is  412.75  feet  above  sea-level,  and  33.76 
above  the  zero  of  gauge. 

10  SIG 
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U.  8.  precise  bench-mark  is  a  small  hole  in  copper  bolt  leaded  horiaontally  in  the  west 
pier  of  arch  No.  4,  on  east  side  of  pier  of  Saint  Lonis  steel  bridge.  It  is  20. 14  feet  south 
of  north  end  of  pier,  and  1.12  feet  above  top  course  of  granite.  The  lettecs  ''U.  S." 
are  cat  in  the  granite  below  the  bench-mark. 

Eleyation  4^.68  feet  above  sea  and  57.68  feet  above  zero  of  gauge. 

The  lowest  water  recorded  at  Saint  Louis  occurred  on  December  21,  1863,  and  there 
is  every  indication  in  the  record,  before  and  after,  that  it  was  oocosioned  by  an  ioo-gorge. 
The  aero  of  the  river-gauge  was  placed  at  this  low  water  of  1863,  and  has  so  continued 
to  the  present  date- 
In  October,  1871,  a  regular  gauge  was  established  by  the  Signal  Service,  and  was  read 
for  the  first  time  on  the  16th  of  that  month;  aod  in  1873  the  irst  permanent  gauge  was 
established. 

Before  1871  the  record  was  kept  by  a  Ikfr.  Jacob  Leopold.  There  was  no  gauge,  and  the 
level  of  the  water  surface  was  ascertained  by  leveling  down  firom  the  city  direc^iz. 

In  1873  the  river  was  for  three  days  0.14  foot  below  the  zero  of  the  gauge,  the  river  at 
that  time  being  closed  by  ice. 

In  1872  the  river  was  below  zero  for  twenty  days,  when  not  actually  closed  by  ice, 
seven  of  these  days,  December  5th  to  11th,  being  preceded  and  followed  by  a  frocen 
liver. 

In  1871  it  was  below  zero  twenty-seven  days— October  16th  to  November  11th. 

Warren^  Pa,  — ^The  river-gauge  is  located  on  the  west  face  of  the  north  abutment  of  the 
suspension  bridge  over  the  Allegheny  River. 

The  height  of  gauge  above  zero  is  16  feet,  and  it  is  12  inches  wide. 

Zero  below  the  top  line  of  abutment,  22.83  feet. 

Average  depth  of  water  over  riffle,  .83  of  a  foot. 

Danger-line  b^ins  at  about  7  feet  on  the  new  gauge. 

The  elevation  of  the  zero  of  gauge  above  sea-level  has  not  been  determined. 

OH  OUy,  F€t. — ^The  river-gauge  is  placed  on  the  southeast  bank  of  the  river.  The  aero 
point  is  6  inches  above  the  low  water  of  September,  1880,  and  is  level  with  the  bed  of 
the  river  on  Charles's  riffle,  the  shallowest  point  between  Oil  City  and  Pittsburg. 

Elevation  of  Union  Depot  above  sea-level,  1,008  feet 

Elevation  of  zero  above  sea-level,  about  985  feet. 

Highest  water  occurred  on  March  17,  1865. 

Dfuoger  begins  at  13  feet,  when  the  water  flows  into  the  cellars  in  the  business  part  of 
the  town. 

At  20  feet  it  flows  over  some  of  the  streets  and  endangers  two  of  the  bridges  which 
span  the  river. 

Clarian,  Fa. — ^The  river-gauge  is  located  on  the  north  abutment  of  the  Clarion  County 
bridge  over  the  Clarion  River.  The  gauge  is  placed  partly  on  the  abutment  and  partly 
on  a  natural  rock  (the  foundation  of  the  abutment),  and  has  a  stone  4  feet  6  inches  in 
length  planted  at  the  foot  of  the  natural  rock,  sunk  flush  with  the  water-line  as  it  Uien 
stood,  the  top  surface  of  the  planted  stone  being  the  zero  of  the  gauge.  The  zero  of 
gange  is  25.58  feet  below  the  top  line  of  the  abutment. 

Height  of  gauge  above  zero,  20  feet 

Average  depth  of  water  below  zero  on  Toby  Mill  riffle,  1  foot 

The  exact  devation  has  not  been  determined,  but  it  is  about  1,052  feet  above  sea-level. 

The  danger-line  has  not  been  exactly  ascertained,  but  is  about  10  fbet  above  the  aero 
of  the  present  gauge. 

The  observer,  Mr.  T.  W.  Raine,  reports  that  the  height  of  water  on  the  gauge  will  not 
correspond  with  height  as  generally  given  by  rivermen ;  for  example,  when  there  is  what 
is  called  a  6-inch  stage  (a  stage  at  which  empty  crafts  can  be  safely  floated)  the  marks 
on  the  gauge  show  about  28  inches.  In  extreme  low  water  there  are  many  rocks  in  the 
channel  that  stick  up  18  or  20  inches,  while  all  around  them  there  may  be  a  foot  or  mora 
of  water.  When  the  water  is  6  inches  over  the  tops  of  these  rocks  there  is  said  to  be  a 
6-inch  sti^ge.  A  2-foot  stage  is  a  good  rafting  stage,  and  corresponds  to  4  feet  2  Inches 
on  the  gauge. 

Mahoningf  Ftt. — ^The  river-gauge  ia  located  on  the  pier  of  the  All^heny  Valley  Rail- 
road bridge  across  the  mouth  of  Mahoning  Creek. 

Height  of  gauge,  full  length  of  pier,  29.83  feet  above  zero. 

Width  of  gauge,  12  inches. 

Zero  of  gauge  below  the  rail  on  bridge,  33.08  feet 

Elevation  of  rail  above  sea-level,  827.65. 

Elevation  of  zero  above  sea-level,  about  794.47  feet 

Average  d^th  of  water  below  zero,  3  feet. 

Mahoning  Creek  drains  an  area  of  nearly  400  square  miles.  Its  valley  is  Ytssj  Qsnon 
and  bounded  by  steep  side-hUls.    The  &1I  is  8  feet  per  mile. 
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Any  riae  from  Red  Bank  Creek,  which  empties  into  the  Allegheny  about  10  miles 
above,  and  drains  about  650  square  miles  of  area,  would  first  be  reported  from  this 
gauge. 

BrookvillCy  Pa. — The  river-gauge  is  located  on  first  pier  of  the  All^heny  Valley  Rail- 
road bridge  over  the  Red  Bank  Creek,  which  iK>int  is  below  the  intersection  of  Red  Bank 
with  Sandy  Creek. 

The  gauge  extends  upward  16  feet  above  the  zero. 

Depth  of  water  below  zero  is  1  foot. 

Height  of  rail  on  bridge  above  zero,  40  feet. 

Two  elevations  are  given  for  Brookvilleby  the  State  Geological  Report,  namely,  1,234 
and  1,211  feet  The  lowest  one  has  been  adopted  as  the  pro^ble  height.  Dr.  Gannett 
gives  the  elevation  of  the  railroad  depot  as  1,235  feet  above  sea. 

Height  of  rail  above  top  of  pier  is  13  feet,  and  if  the  elevation  of  1,211  feet  is  accepted, 
the  elevauon  of  zero  above  sea-level  is  1,173  feet. 

Forker'a  Landing,  Pa, — ^The^  river-gauge  is  located  on  the  first  pier  of  bridge  over  the 
AU^jheny  River. 

Height  of  gauge  above  zero  is  30  feet;  width  of  gauge,  12  inches. 

Elevation  of  zero  above  sea-level,  not  yet  determined. 

The  zero  of  gauge  is  referred  to  the  rail  in  front  of  the  depot. 

Top  of  planking  of  bridge  roadway  below  rail,  2.55  feet. 

Zero  of  gauge  below  plauking,  36  feet. 

Top  of  pier  below  plimking,  4  feet. 

Zero  of  gauge  below  rul,  38.55  feet. 

Average  depth  of  water  below  zero,  1.50  feet 

Zero  point  is  the  top  line  of  foundation  of  pier. 

SalUimrg,  Pa. — The  river-gauge  is  located  on  the  middle  pier  of  the  county  bridge  over 
the  KiRkiminitaa  River,  below  i^e  junction  of  Connemaugh  and  Loyalliana  Rivers. 

The  zero  is  referred  to  two  tracks  of  the  railroads,  the  old  Pennsylvania  Railroad 
where  it  crosses  Point  street,  and  is  891  feet  above  sea-level,  and  the  new  or  West  Penn- 
sylvania Railroad  where  it  crosses  Washington  street,  and  is  654  feet  above  sea-level. 

Level  of  footway  on  bridge  over  pier  is  855.01  feet  above  sea-level. 

The  zero  of  gauge  is  the  top  line  of  the  foundation  of  pier,  and  is  26.75  feet  below  the 
footway  of  the  bridge,  making  zero  828.26  feet  above  sea-level. 

The  gauge  is  the  fhll  length  of  the  pier,  26  feet. 

Average  depth  of  river  below  zero,  3  feet 

Danger  to  property,  from  Saltsbui^  to  the  junction  of  the  Eiskiminitas  with  the  Alle- 
gheny, is  imminent  when  the  water  reaches  6  feet  on  the  gauge. 

Highest  water  ever  knovm  was  in  1859,  when  it  nearly  reached  the  bridge,  flooding 
streets  that  run  parallel  with  the  iwer. 

Johtuiaumy  Pa. — ^The  river-gauge  is  placed  on  the  first  pier  of  the  Johnstown  bridge  of 
the  Pennsylvania  Railroad. 

Bench-mark  is  the  top  rail  over  the  gauge,  which  is  referred  to  a  frog  at  crossing  of 
railroad,  the  elevation  of  which  above  sea-level  is  1,184  feet,  as  fnrnished  by  the  engineer 
of  the  Cambria  Iron  Works.  The  bench-mark  (this  rail)  is  5  feet  below  this  frog,  or 
1,179  feet  above  sea-level. 

The  zero  of  gauge  is  31. 16  feet  below  the  bench-mark  and  is  the  top  lino  of  the  founda- 
tion of  bridge  pier,  and  its  elevation  above  sea-level  is  1,147.84  feet. 

Length  of  gauge  above  zero,  15  feet. 

Width  of  gauge,  10  inches. 

Zero  above  b&  of  river,  2.50  feet 

Danger  line  b^ins  at  7  feet  on  the  gauge. 

Howleaburg,  W.  Va. — ^The  river-gauge  is  located  on  the  center  pier  of  the  Baltimore 
and  Ohio  Railroad  bridge  over  Cheat  River. 

Height  of  gauge  above  zero,  17  feet 

Height  of  zero  above  sefr-level,  1,^5.34  feet 

Bench-mark  of  the  United  States  Coast  and  Geodetic  Survey,  situated  on  center  pillar 
west  end  of  the  Baltimore  and  Ohio  bridge  over  Cheat  River,  is  1,402  feet  above  sea- 
level. 

Zero  of  gauge,  26.66  feet  below  bench-mark. 

dforgantovnij  W.  Va. — The  river-gauge  is  located  on  the  north  face  of  the  south  abut- 
ment of  bridge  over  Decker's  Creek,  28  feet  being  on  the  abutment  and  6  feet  on  a  stone 
planted  in  the  bed  of  the  creek. 

The  zero  point  is  the  same  as  the  old  gauge — 790  feet  above  sea-level. 

Danger  begins  at  20  feet. 

The  Government  is  building  a  dam  9  miles  below,  on  the  Monongahela  River,  which 
it  is  believed  will  raise  the  water  2  feet  9  inches  on  the  new  gauge.  This  rise  has  not, 
however,  been  folly  determined. 
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When  the  stage  of  water  is  zero  the  hed  of  the  river  under  the  saspension  bridge  is 
nearly  dry. 

Morgantown  is  the  head  of  the  present  slackwater  improvement  now  in  course  of  con- 
struction by  the  Government. 

Weston,  Pa. — ^The  river-gauge  is  located  on  the  north  side  of  east  abutment  of  the 
county  bridge  over  the  west  fork  of  the  Monongahela  River,  and  is  pwrtly  made  of  curb, 
slanting  down  from  the  foot  of  the  abutment  to  the  edge  of  low  water. 

Height  from  zero  to  bridge  seat  on  abutment,  25.41  feet. 

The  height  of  zero  of  gauge  above  sea-level  has  not  yet  been  fhlly  determined,  but  is 
about  824  feet. 

Danger  b^ns  at  18  feet  on  gauge. 

Average  depth  of  water  in  river,  6  inches. 

Lock  No.  4,  Pennsylvania. — ^The  river-gauge  is  located  on  the  inside  face,  lower  end  of 
river  widl  of  lock,  the  marks  being  cut  in  the  stone.  This  gauge  is  to  be  extended  when 
the  lock  is  finished  by  placing  a  plank  gauge  on  the  upper  log- wall  of  lock.  The  bench- 
mark is  the  top  surface  of  the  new  wall  just  over  the  gauge.  Its  elevation  above  sea- 
level  is  745. 77  feet.  The  elevation  of  zero  of  gauge  fibove  sea- level  is  719. 87  feeu  Height 
of  gauge  when  finished,  40  feet.    The  zero  is  intended  to  be  the  bottom  of  the  river. 

Danger  line  is  28  feet.  The  low-water  reports  are  the  most  important  to  riveimen. 
There  is  not  much  danger  from  high  water,  as  only  the  creek  bottoms  are  overflowed; 
the  banks  on  both  sides  of  the  river,  a  short  distance  from  the  maigin,  rise  abruptly  and 
to  a  considerable  height.  The  greatest  danger  arises  fh>m  floating  ice,  which  sometimes 
gorges  when  the  river  is  not  more  than  fh>m  18  to  20  feet  high,  and  often  causes  great 
damage  to  steamboats  and  coal-bfloges. 

FitSburgy  Pa, — The  zero  of  the  river-gauge  is  the  wharf  log  at  the  foot  of  Market 
and  is  694  feet  above  sea-level. 

Danger  begins  at  22  feet 

The  observer  at  Pittsburg  reports  that  the  Davis  Island  Dam,  5  miles  below  that  city, 
was  put  in  operation  October  7,  1885.  When  the  wicketa  of  the  dam  are  raised  to  their 
fall  height  the  stage  of  water,  as  indicated  by  the  station  gauge,  will  be  about  6.2  feet. 
All  stages  of  water  below  6.2  feet  will  be  influenced  by  the  operations  of  the  dam. 

Freeporty  Pa. — The  river-gua^  is  placed  on  the  West  Pennsylvania  Railroad  Inridge 
across  Bnfialo  Creek,  and  is  18  inches  above  Dock  Riffle,  one  mile  above  gauge.  Height 
of  gauge  is  25  feet;  the  lower  end  covered  about  2  feet  by  rocks  and  deposits,  so  that 
from  2  feet  downward  a  temporary  gauge  is  located.  Above  25  feet  the  height  of  water 
is  read  by  means  of  a  gauge  convenient  for  reference,  placed  either  on  the  bridge  or  other 
prominent  point.  The  zero  of  gauge  is  the  low  water  of  1868;  elevation  above  sea-level 
of  railroad  track  on  bridge,  772  feet.  Zero  of  gauge,  31  feet  below  railroad  track,  and 
741  feet  above  sea-level.  Danger  begins  at  20  feet,  but  it  would  not  become  general  until 
a  height  of  25  or  30  feet  had  been  reached.  Thirty-flve  feet  would  flood  all  the  flats 
along  the  river.    Bufialo  Creek  drains  an  area  of  about  150  square  miles. 

Wheeling,  W.  Va. — The  river-gauge  is  located  on  the  levee,  330  feet  north  of  Twelfth 
street.  It  is  made  of  sandstone,  set  flush  with  the  surfluse  of  the  levee,  and  is  marked 
in  feet  and  quarters  of  feet.  The  high-water  mark  of  February,  1884,  is  the  bendi- 
mark,  and  is  cut  in  the  stone  bottom  of  "O.  O.,"  on  top  of  water-teble  on  southwest 
comer  of  custom-house,  corner  Sixteenth  and  Market  streets,  and  is  marked  "H.  W., 
Februaxy  7,  1884.  * '    Its  elevation  is  664. 66  feet  above  sea-level. 

Elevation  of  zero  of  gauge  above  sea-level,  611.57  feet.  Height  of  gauge  above  zero, 
35  feet.    Depth  of  water  below  zero,  13  inches.    Danger  line,  36  feet  on  gauge. 

At  30  feet  on  gauge  the  lowlands,  both  above  and  below  this  point,  begin  to  overflow. 
At  36  feet  the  water  is  backed  up  in  some  of  the  oellara  on  Main  street 

The  highest  water  was  in  1884,  when  it  reached  64  feet  above  the  zero  of  gauge. 

3larieita,  Ohio. — The  river-gange  is  located  on  the  levee  at  the  foot  of  Second  street 

From  5  feet  above  zero  to  34.50  feet  it  is  made  of  sandstone.  Extensive  repairs  have 
been  made  to  the  upper  portion  of  this  gauge. 

The  bench-mark  is  the  top  of  the  stone  foundation  of  the  southwest  comer  of  a  brick 
bouse  (J.  N.  Peaker's),  which  stands  on  the  comer  Ohio  and  Second  streets. 

The  elevation  of  this  bench-mark  is  623.05  feet  above  sea-level. 

Elevation  of  zero  above  sea-level  is  582  feet 

The  height  of  gauge  at  present  above  zero  is  34.50  feet 

Depth  of  water  below  zero  is  1.50  feet 

Danger-line  on  gauge  is  25  feet,  and  when  the  water  reaches  this  point  the  low  farm- 
iug  lands,  both  above  and  below  Marietta,  begin  to  overflow.  Second  and  Third  streete 
are  under  water,  and  some  of  the  cellars  on  Front  street  are  filled.  A  fiood  of  34  feet  in 
August,  1876,  entirely  destroyed  the  crops  in  the  lowlands. 

Cincinnali,  Ohio. — A  new  river-gauge  is  in  course  of  construction,  and  the  zero  has  not 
been  determined. 
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Louisville,  Ky, — The  riveivgaage  is  located  ou  the  levee  at  the  foot  of  Fourth  street. 
The  lower  portion,  from  zero  to  ^  feet,  is  made  of  granite  flagging  4}  feet  wide,  and  in 
length  from  4  to  8  feet,  embedded  in  the  snrfaoe  of  the  levee,  with  the  top  sur&ce  of  the 
flag  flash  with  the  sniface  of  the  levee.  Down  the  center  of  the  flagging  an  iron  strap 
5  inches  wide  is  fitted  and  marked  in  feet  and  Inches,  from  zero  to  26  feet  From  the 
26-foot  mark  the  gauge  is  continned  by  painted  lines  and  figures  on  the  iron  pillar  of 
the  Shore  Line  Railroad  trestle  up  to  47  feet  8  inches. 

There  are  two  bench-marks,  one  located  by  Mr.  J.  A.  Weise,  engineer  of  the  Jefier- 
sonvllle,  Madison  and  IndianapoUs  Railroad,  who  ran  a  line  of  levels  from  a  Coast  Survey 
bench-mark  on  the  Ohio  and  Mississippi  Railroad  bridge  near  North  Yemon,  Ind.,  and 
connected  with  the  northeast  comer  of  the  Indiana  abutment  oi  the  Louisville  Railroad 
bridge.  This  bench-mark  is  481  feet  aboTO  sea-level;  zero  of  gauge  below  this  bench- 
mark is  7(j.68  feet.  Another  bench-mark  has  been  established  on  the  top  surface  of  the 
foundation-stone  on  which  the  railroad  trestle  rests,  and  is  20.20  feet  above  zero  of 
gauge,  and  430.52  feet  above  sea-leveL  The  zero  of  the  gauge  is  the  bottom  of  the  river 
in  the  chute  over  the  falls,  and  its  elevation  above  sea  is  404.32  feet. 

The  height  of  gauge  above  zero  is  47  feet  8  inches. 

Danger  line  is  24  feet. ' 

At  24  feet  the  lowest  portions  of  the  city  begin  to  overflow,  and  Portland,  a  suburb  of 
Louisville,  is  very  generally  underwater,  and  also  a  large  area  of  lands  on  both  sides  of 
the  river,  between  Louisville  and  Evansville,  is  covered  with  water. 

This  gauge  was  constructed  for  the  purpose  of  knowing  the  amount  of  water  on  the 
falls. 

There  is  another  gauge  in  the  canal  at  the  foot  of  Tenth  street,  the  zero  of  which  is 
2.16  feet  below  the  first  mentioned  one,  and  gives  the  amount  of  water  in  the  canal. 
There  is  also  another  gau^  at  the  lower  end  of  the  canal  where  it  enters  the  river,  below 
the  Mis.     The  zero  of  this  gauge  is  29. 07  feet  below  the  zero  of  the  Fourth  street  gauge. 

The  observer  reports  the  amount  of  water  in  the  canal,  and  this  is  the  information  the 
steamboat  men  desire,  as  they  are  aware  of  the  difference  in  the  gauges,  and  knowing 
this  they  can  tell  whether  they  can  go  through  the  chute  or  will  have  to  take  the  canal, 
and  what  the  water  is  over  the  fidls. 

EvanmiUe,  Ind, — ^The  river-gange  is  located  on  the  levee  at  the  foot  of  Main  street. 
At  the  upper  end  is  a  post  12  by  12  inches  and  6  feet  above  ground.  From  the  foot  of 
this  post  a  timber,  4  by  8  inches,  wilii  an  iron  strap,  4  inches  by  one-half  inch,  fastened 
to  the  top  face  and  marked  in  feet  and  tenths,  extends  to  low- water  mark. 

The  b^ch-mark  is  the  top  face  of  the  iron  door-sill,  on  Main  street,  next  to  Water,  of 
a  brick  house  on  the  comer  of  Main  and  Water  streets. 

Elevation  of  bench-mark,  368.84  feet  above  sea-level,  and  48.84  feet  above  zero  of 
the  gauge. 

LengUi  of  gauge  above  zero,  60  feet. 

Depth  of  water  below  zero  is  as  follows:  At  zero  there  will  be  2. 50  feet  of  water  ou  the 
sand-bar  near  Henderson's  Island,  15  miles  below;  at  Scuffletown  Bar,  18  miles  above 
Evansville,  there  will  be  1.50  feet  of  water. 

Danger  line,  30  feet.  When  the  water  reaches  this  point  the  low  lands  on  both  sides  of 
the  river  begin  to  overflow.  At  40  feet,  all  the  low  farming  lands  are  submerged,  and 
the  town  of  Hurricane,  Ky.,  is  also  flooded.  When  the  river  reaches  40  feet  above 
zero,  nearly  the  whole  of  Union  township  is  underwater,  and  from  Evansville  to  New- 
burg,  12  miles  above,  tenement  houses  are  in  great  danger. 

KnoxviUe,  Tenn, — The  river-gauge  is  located  on  the  second  pier  of  the  county  bridge, 
and  is  fastened  by  clamping-pins. 

Extreme  high  water  was  in  1867  and  1875,  and  was  39  feet  above  zero  of  the  gauge. 

Extreme  low  water  was  in  1871  and  1884,  and  is  the  zero  of  the  gauge. 

The  water  has  never  been  so  high  as  to  make  a  danger  line. 

ChaUanoogitj  Tenn, — ^The  zero  of  the  river-gauge  is  the  low  water  of  September,  1839. 

The  zero  of  the  gauge  is  49. 9  feet  above  the  Union  Depot,  and  621  feet  above  sea-level. 

Danger-line  is  at  33  feet,  and  at  38  feet  many  dwellings  are  flooded. 

Bumsidey  Ky, — ^The  zero  of  river-gauge  is  at  .low-water  mark,  and  its  clevatiou  above 
sea-level  is  589  feet. 

Danger  begins  at  30  feet. 

Carthage,  Tenn, — ^The  river-gauge  is  placed  on  the  bank  of  the  river  as  it  inclin&s. 

The  water  rises  at  Carthage  as  high  as  60  feet. 

Danger  b^ina  at  about  30  feet. 

The  elevation  of  zero  of  gauge  is  about  443  feet  above  sea  level. 

NaekviOc,  Tenn. — ^The  river-gauge  belongs  to  the  United  States  Engineers. 

The  zero  of  gauge  is  the  low  water  of  September,  1863,  and  is  6  inches  higher  than 
the  river-gauge  used  previous  to  May  1,  1884. 

The  zero  of  gauge  is  about  366  feet  above  sea  level. 

Danger  begins  at  40  feet 
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Decatur^  Ala, — ^The  river-gaage  is  located  on  the  down-fitream  end  of  the  soalh  pier 
of  the  L.  N.  8.  and  N.  A.  R.  R.  bridge,  to  which  it  is  secured  by  7  iron  bolts  wedged  in 
holes  drilled  in  the  rocks  of  the  pier.  It  is  made  of  4  by  3  inch  lumber,  painted  white, 
and  graduated  from  zero  to  32  feet,  inclusive. 

The  top  of  the  top  course  of  stone  on  pier  is  the  bench-mark,  and  is  571.17  feet  above 
sea  level. 

Elevation  of  zero  above  sea,  537.51  feet.  Length  of  gauge  above  zero,  32  feet  Depth 
of  water  below  zero,  5  feet. 

Danger  begins  at  21  feet.  When  the  water  marks  zero  on  this  gauge  it  will  give  16 
inches  on  Bridgeport  Bar.  When  the  gauge  marks  21  feet  danger  begins  to  property  on 
the  north  side  of  the  river,  which  is  much  lower  than  on  the  south  side.  Any  rise  over 
this  not  only  endangers  crops,  but  also  the  stock,  and  in  some  very  low  places  the  houses 
are  in  danger. 

JohmonviUc^  Tcnn, — The  river-gauge  is  placed  on  the  north  comer  of  the  elevator 
building,  and  is  made  of  5  by  2  cypress  lumber,  painted  white,  and  graduated  from  zero 
to  50  feet 

The  bench-mark  is  a  cross,  cut  in  the  top  surfisMe  of  the  coping  of  west  abutment  of 

W    AT 

railroad  bridge,  and  marked  thus:     * , 

Elevation  of  bench-mark  above  sea-level,  362.83  feet  Elevation  of  zero  of  gauge 
above  sea-level,  318.83  feet  Zero  below  bench-mark,  44  feet  Length  of  gauge  above 
zero,  50  feet  Depth  of  water  below  zero  on  Duck  River  Bar,  15  miles  above  this  point, 
3.50  feet    Average  depth  of  channel  at  Johnson ville,  4  feet 

Danger  line,  21  feet,  when  the  low  lands  on  both  sides  of  the  river  be;;lu  to  overflo  w 
crops  are  endangered,  and  also  stock,  on  the  west  side. 

The  river  is  navigable  all  the  year  as  far  up  as  Waterloo,  100  miles  above  this  point 

Paduedhj  Ky. — ^The  river-gauge  at  Poducah,  was  erected  and  is  owned  by  the  United 
States  Engineers.  It  is  G  by  6  inch  timber,  phmted  in  the  ground  along  the  surface  of  the 
levee,  as  the  same  inclines,  from  Main  street  to  low-water  mark.  A  strap  of  iron,  5 
inches  wide  by  one-half  inch  thick,  is  spiked  to  the  top  surface  of  gauge,  and  marked  in 
feet  and  tonthis  of  feet  from  zero  to  48  feet,  inclusive;  from  48  to  59  feet  the  gauge  is  of 
board  4  by  2  inches,  nailed  to  the  southeast  side  of  Fowler,  Bro.  &  Co.'s  grocery  store. 
The  graduations  on  this  board  are  marked  with  copper  tacks. 

Elevation  of  zero  and  the  elevation  of  bench-mark  have  not  yet  been  determined. 
The  height  of  gauge  above  zero  is  59  feet.  Zero  of  gauge  will  give  40  inches  of  water 
on  Grand  Chain,  25  miles  below  Paducah,  and  an  average  depth  of  3.50  feet  on  the  bar 
in  front  of  the  town. 

When  the  water  reaches  the  danger  line,  40  feet,  the  low  lands  opixxsite  Paducah,  and 
on  both  sides  of  the  river  down  as  far  as  Cairo,  begin  to  overflow.  This  overflow  only 
endangers  farming  interests.  Property  at  Metropolis,  Joppa,  and  Ogden's  Landing  is  in 
danger  when  the  gauge  at  Paducah  marks  44  feet. 

Oairo^  111, — The  river-gauge  is  placed  on  the  levee  at  the  foot  of  Fourth  street 

Zero  of  gauge  is  269.60  feet  above  sea-level. 

United  States  bench-mark  is  a  copper  bolt  let  into  the  northwest  face  of  the  custom- 
house wall,  23.50  feet  from  the  north  comer  and  3  feet  above  the  ground,  and  marked 

^'"'^    B-M. 

Elevation,  3  16.69  feet  above  sea-level. 

Bench-mark  above  zero,  47.09  feet. 

Danger  begins  at  40  feet,  which  will  overflow  the  adjacent  lowlands  in  Blissonri  and 
portions  of  Kentucky,  but  will  not  afiect  the  town  of  Cairo. 

At  51. 33  feet  water  would  overflow  the  levee. 

Highest  water,  52.17  feet,  occurred  in  1883. 

Newport,  Ark, — ^The  xiver-gauge  is  located  on  the  second  in-shoie  pile,  west  side  of  the 
elevator  building  at  Newport,  The  bench-mark  is  on  the  engine-house  of  the  elevator 
building,  cut  in  the  foundation-wall  facing  the  river,  and  on  the  west  comer;  it  is 
marked  thus:  "B.  M.'' 


111. 

The  elevation  of  the  bench-mark  above  sea-level  is  228  feet  The  rail  at  depot  of 
Saint  Louis,  Iron  Mountain  and  Southern  Railroad  is  232  feet  above  sea-level. 

The  zero  of  the  gauge  is  placed  at  low-water  mark  of  1878,  when  there  was  only  30 
inches  of  water  on  the  Lower  Little  Island  bar.  45  miles  above  the  mouth  of  Hie  river. 
Elevation  of  zero  of  gauge  above  sea-level,  198.128  feet^  29.872  feet  below  bendh-mark, 
and  33.872  feet  below  rail. 

The  length  of  the  river-gauge  is  37  feet,  extending  from  35  feet  above  zero  to  2  feet  be- 
low it    The  danger  line  is  reached  when  the  gauge  reads  21.50  feet|  at  which  height 
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low-lands  five  miles  below  and  ten  miles  above  Newport  begin  to  overflow,  and  fiom  this 
point  on  to  the  month  of  the  river,  provided  the  Little  Red  or  MissiEBippi  Rivers  are  ftiU. 
Tho  Miasiasippi,  when  bank  fall,  will  back  the  water  in  the  White  River  as  fiir  np  as 
Dnvall's  Bluff,  173  miles  from  its  mouth,  and  overflow  the  a4jacent  low-lands.  Should 
the  White  River  be  high  at  the  same  time  all  the  low-lands  would  be  dangerously  flooded. 
The  water  has  never  been  so  low  that  navigation  for  regular  boats  has  been  stopped  be- 
tween the  mouth  of  the  river  and  Jacksonport,  on  the  White  River,  and  as  far  as  Poca- 
hontas, on  the  Blade  River,  145  miles  above  Jacksonport.  At  medium  high  water  nav- 
igation extends  to  Forsyth,  Mo.,  300  miles  above  Jacksonport,  on  the  White  River.  At 
very  low  water  boats  will  rub  at  nearly  every  bar. 

Memphis^  Teiift.— There  are  two  river-gauges  at  this  place— one  on  the  levee,  120  feet 

south  of  Jefferson  street;  the  other  on  the  northwest  comer  of  the  elevator  building. 

The  zeros  of  the  gauges  are  on  the  same  plane,  182.73  feet  above  sea-level.    Both  gauges 

belong  to  and  are  kept  in  repair  by  the  United  States  Engineers. 

Bench-mark  is  the  door-siJl  of  No.  254  Irvin  Block,  comer  of  Second  street  and  Alley. 

Elevation  of  bench-mark  above  zero,  77.067  feet. 

United  States  bench-mark  No.  4,  on  house  No.  280  Front  street,  is  89.012  feet  above 
the  zero  of  gange. 

Average  time  for  high  water  to  reach  Memphis  from  Cairo  is  4. 30  days;  iW>m  Memphis 
to  Helena,  2.30  days. 
Danger  begins  at  34  feet. 

Highest  water  occurred  in  1883,  and  was  35.68  feet. 

Jldena  Ark, — ^The  river-gauge  belongs  to  the  United  States  engineers.  It  is  placed  on 
the  right-hand  side,  on  the  leg  of  the  elevator. 

The  bench-mark  is  a  copper  bolt  in  the  east  front  of  the  Tinney  Building,  between 
York  and  Elm  streets.  It  is  60.098  feet  above  the  zero  of  gauge.  This  bench-mark  is 
190.838  feet  above  sea-level,  and  zero  of  gauge  is  140.74  feet  above  sea-level. 

There  is  a  second  bench-mark  near  the  railroad  depot,  consisting  of  a  square  stone 
marked  '*U.  S.,"  which  is  40.65  feet  above  zero  of  gauge,  and  181.39  feet  above  sea- 
level. 
Danger  beg^  at  37  feet. 

The  highest  water  occurred  April  30, 1886,  and  was  48.1  feet. 
Fort  Smithy  Ark, — A  new  river-gauge  was  built  during  1885,  and  the  zero  of  this 
gauge  was  placed  at  the  low  water  of  1856,  which  is  7  feet  lower  than  the  zero  of  the  old 
flange. 

The  gange  is  built  of  stone  curbing. 
Readings  on  this  gauge  commenced  April  1, 1885. 

JJlllc  Book,  Ark, — ^The  river-gauge  is  made  of  6  by  6  inch  timber;  it  is  in  good  con- 
dition, and  is  31  feet  in  length.  The  gauge  is  painted  white,  and  the  graduations,  which 
are  in  feet  and  inches,  are  marked  with  black  paint  both  on  the  face  and  side.  The  gauge 
is  fastened  to  a  solid  rock,  csJled  Little  Rock,  by  three  iron  bolts,  and  the  foot  imbedded 
in  the  rock  to  which  it  is  bolted.    Gauge  is  not  perpendicular,  but  is  inclined. 

Bench-mark  is  tho  curbstone  southwest  comer  of  Main  and  Markham  streets,  and  is 
280.  Bl  4  feet  above  sea-level. 
The  zero  of  gauge  is  61.514  below  bench-mark. 
Elevation  a]£>vo  sea,  225.30  feet. 

The  zero  of  gauge  is  also  referred  to  an  iron  bolt  imbedded  in  the  top  iace  of  the  rock 
to  which  the  gauge  is  fastened.  This  bolt  is  8  feet  and  4  inches  from  the  gauge  in  a 
southwest  direction,  and  the  top  of  tho  bolt  is  25.17  feet  above  the  zero  of  the  gauge. 

Danger  b^ns  on  both  sides  of  tho  river  at  23  feet  on  the  gauge,  when  plantations  12 
miles  below  and  on  to  the  mouth  of  the  river  begin  to  overflow. 
At  26  feet  danger  is  very  extensive  both  above  and  below. 

The  bottom  of  the  river  at  Little  Rock  consists  for  the  most  part  of  shifting  sand,  and 
is  very  changeable.  At  low  water  the  channel  is  very  crooked,  and  changes  with  every 
rise  of  the  river. 

ArkanMU  City,  Ark, — ^The  river-gauge  is  fastened  to  a  pile  at  the  southeast  comer  of 
the  elevator  building,  and  belongs  to  the  Mississippi  River  Commission.  The  gauge  is 
made  of  8  by  2  inch  board,  painted  white. 

Bench-mark  is  the  top  surface  of  a  nail  driven  in  the  root  of  a  large  tree  standing  in 
the  middle  of  the  street,  and  is  about  250  feet  from  the  Parker  House.  This  bench-mark 
reads  on  gauge  44.194  feet  Elevation  of  zero  of  gauge  above  sea-level,  94.97  feet. 
Banger  b^ns  on  both  sides  of  the  river  at  42  feet,  when  the  water  is  at  the  foot  of  the 
levees. 
Highest  water  occurred  February  27, 1882,  when  the  gauge  marked  47.10  feet. 
Camden,  Ark, — ^The  river-gauge  is  attached  to  the  down-stream  side  of  a  huge  tree, 
nearly  opposite  a  Mr.  Ritchie's  store,  and  the  zero  point  is  3  feet  lower  than  on  the  old 
gange,  which  was  on  the  up-stream  side  of  the  same  tree. 
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The  bencb-mark  is  a  granite  sill  of  the  easternmost  door  of  Mr.  Kitchie*8  store.  An- 
other bench-mark  referred  to  a  mark  on  the  root  of  a  pin  oak,  aboot  tbree-quarteis  of  a 
mile  from  the  gauge,  said  to  have  been  placed  there  by  Col.  James  Martin,  engineer 
Texas  and  Saint  Louis  Railroad. 

Elevation  of  door-sill  bench-mark  above  sea-level,  132  feet  Elevation  of  zero  of 
gaoge  above  sea- level,  69.80  feet.  I>ength  of  gauge  above  zero,  50  feet.  Depth  of  water 
below  zero,  3  feet.     Danger  line  on  gauge  is  39  feet 

Highest  water  was  in  May,  1882,  and  would  mark  46  feet  on  new  gauge.  High  water 
at  this  place  is  caused  principally  by  the  waters  from  the  Little  Missouri  River,  which 
empties  into  the  Ouachita  River  about  48  miles  above  Camden.  The  rises  are  sadden, 
olten  as  mnch  as  12  or  15  feet  in  a  night. 

At  8  i'eet  on  the  new  gauge  navigation  would  be  possible.  At  high  water  the  river 
is  navigable  to  Arkadelphia,  100  miles  above ;  but  (^mden  is  considered  as  the  head  of 
navigation. 

The  bottom  of  the  river  changes  very  little,  being  composed  of  gravel  and  hard  sand. 

Girardy  La, — The  river-gauge  is  placed  on  the  trestle  of  the  Vicksbnig,  Shreveport 
and  Pacific  Itailroad  bridge  over  Bayou  BoQuf.  The  zero  of  gauge  is  the  low- water  line 
of  1884;  it  is  33.25  feet  l^low  the  top  of  rail  on  bridge,  and  1}  i'eet  above  the  water  in 
channel.     Length  of  gauge  above  zero,  30  feet. 

Danger  line  on  gauge,  20  feet  When  this  iK>int  is  reached  the  entire  countxy  in  the 
vicinity  begins  to  overflow.  The  greatest  danger  is  from  high  water  in  the  Mississippi 
River,  which  comes  in  through  the  broken  levees  at  Possum  Fork  and  Bennett  Cltdr 
crevasse. 

The  elevation  of  zero  above  sea- level  has  not  been  determined. 

dlonroc.  La. — The  river-gauge  is  painted  on  the  east  pier  of  the  Yicksburg,  Shreveport 
and  Podflc  Railroad  bridge;  is  IJ  feet  wide  and  47  feet  9  inches  high.  It  was  con- 
structed by  and  belongs  to  the  railroad  company;  was  repainted  last  year,  and  can  be 
easily  read  from  the  bank. 

Danger  line  for  the  low-lands  below  is  40  feet. 

The  river  is  navigable  at  all  times  for  small  boats.  Navigation  of  regular  packets 
ceases  when  the  gauge  marks  G  feet  Rises  are  sudden,  sometimes  7  feet  in  twenty- 
four  hours. 

The  highest  water  on  record,  49.10  feet,  occurred  in  1874. 

The  elevation  of  zero  of  gauge  above  sea-level  has  not  been  determined. 

VickfAurff,  Miss. — The  river-gauge  is  located  on  the  elevator  building,  and  is  the  prop- 
erty of  the  United  States  Engineers.  There  is  also  one  at  Kleinaton,  about  IJ  mile 
below.  The  harbor  of  Yicksburg  has  filled  up  so  much  since  the  gauge  was  erected  as 
to  cover  the  lower  end  of  the  gauge  tof  a  height  of  17  feet  When  the  river  gets  below 
this  stage  the  gauge  at  Kleinston  is  used. 

The  bench-mark  for  tho  Yicksburg  gauge  is  a  row  of  tacks  driven  into  a  section  of 
the  gauge,  which  is  fastened  on  tho  northwest  comer  of  the  Prentiss  House. 

Elevation  of  bench-mark  above  sea,  95.938  feet. 

Elevation  of  zero  of  gauge,  51.138  feet. 

Elevation  of  zero  above  sea-level,  44.80  feet. 

Tho  zero  of  gauge  at  Kleinston  is  on  the  same  piano  with  that  of  Yicksburg.  The 
bench-mark  for  tho  Kleinston  gauge  is -the  head  of  a  spike  driven  into  the  top  of  river- 
ward  post  of  a  disused  bumping-hlock,  distant  100  feet  below  Sweeney's  saloon  at 
Kleinston. 

Elevation  of  nail  above  sea-level,  92.911  feet. 

Elevation  of  nail  above  the  zero  of  gauge,  48.111  feet. 

A  correction  should  be  applied  to  the  readings  of  this  gauge  of  — .40  of  a  foot^  it  be- 
ing that  much  in  error. 

Highest  water  in  1864,  which  was  52.83  feet 

At  41  feet  danger  begins  to  lands  on  the  Louisiaua  side  of  the  river. 

Yazoo  City,  Miss. — Tho  rivcr-gaugo  is  attached  to  the  right-hand  end  pile,  downstraam 
of  the  draw-protection  of  the  Yazoo  City  bridge. 

The  bench-mark  is  the  bottom  of  a  stone  built  into  tho  wall  of  the  warehoose  of  the 
Parish  steamboat  line,  and  marks  the  high  water  of  1882. 

The  elevation  of  bench-mark  and  the  zero  of  gauge  above  sea-level  has  not  yet  been 
determined.    The  gaugo  is  41  feet  above  zero  and  2  feet  below. 

The  zero  of  gauge  is  40.80  feet  below  high  water  of  1882,  and  is  the  low- water  line  of 
1875,  when  Short  Creek  Bar,  about  four  miles  below  Yazoo  City,  has  2}  feet  of  water 
over  it. 

Danger  begins  on  both  sides  of  the  river  when  the  gange  marks  29.50  feet 

The  water  is  never  so  low  as  to  prevent  boats  from  going  up  as  far  as  Greenwood,  160 
miles  above  Yazoo  City.  The  mouth  of  Cold  Water  River,  327  miles  above  YaiooCitj, 
is  considered  aaUie  head  of  navigation. 
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FtdUniy  Ark. — The  river-gauge  is  located  on  the  north  pier  of  the  Saint  Louis,  Iron 
Mountain  and  Southern  Ra&ioad  bridge  over  the  Red  River.  The  bench-mark  is  the  top 
of  pier  on  which  the  gauge  is  placed,  and  is  267.772  feet  above  sea-level. 

Zero  of  gauge  is  229.95  feet  above  sea-level. 

Length  of  gauge  is  35  feet  above  zero  and  3  feet  below. 

Danger  b^ns  at  25  feet,  when  the  lowest  lands  on  both  sides  of  the  river  begin  to 
OTerflow.    At  32  feet  the  lowlands  in  the  immediate  vicinity  of  Fulton  are  overflowed. 

The  highest  recorded  water  was  32.75  feet  in  August,  1876. 

Shreveporif  La. — The  river-gauge  is  made  of  plank,  2  by  4  inches  and  37  feet  long,  and 
is  placed  in  a  groove  on  pier  4  of  the  Vicksbuig,  Bhreveport  and  Pacific  Railroad  bridge. 
The  graduatioDS  and  numbers  are  marked  with  brass-head  tacks,  and  are  in  feet  and 
inches. 

The  zero  of  the  gauge  is  the  low-water  line  of  1879. 

There  is  a  difference  in  the  elevation  above  sea-level,  as  determined  by  Captain  Wood- 
mtr,  United  States  engineer.    He  gives  the  elevation  as  follows: 

High  water  of  1849  is  180  feet  above  sea-level. 

High  water  of  1884  read  35.913  feet  on  the  gauge. 

Height  of  zero  of  gauge  above  sea,  144.087  feet. 

Mr.  Fallett,  on  engineer  on  the  Yicksburg,  Shreveport  and  Pacific  Railroad,  gives  the 
bench-mark  on  comer  of  Commerce  and  Cotton  Streets  as  203.26  feet  above  sea-level, 
and  the  low  water  of  1879  as  43.11  feet  below  this.  This  gentleman  gives  the  zero  of 
gauge  above  sea-level  as  160.15  feet 

The  lowest  water  occurred  on  September  1  and  2,  1881,  and  was  1  foot  and  5  inches 
below  zero  of  present  gauge. 

Danger  begins  at  29  feet. 

Ctnuhatta  Chule,  Louitiana. — The  river-gauge  is  placed  on  the  bank  in  firont  of  a  Mr. 
Wilson's  house,  part  being  perpendicular  and  "part  inclined. 

The  zero-point  is  the  low  water  of  1881. 

The  gauge  is  graduated  to  41  feet  above  zero. 

The  elevation  above  sea-level  has  not  been  determined. 

Danger  begins  at  26  feet,  at  which  stage  the  lowlands  about  four  miles  below  this 
place  &gin  to  be  flooded. 

The  highest  water  of  which  any  record  can  be  found  was  in  1883,  and  would  read 
31.86  feet  on  the  gauge.  Water  was  said  to  have  been  higher  in  1866,  but  no  marks 
can  be  found. 

The  gauge  was  damaged  on  January  4,  1886,  by  a  steamboat  running  into  it,  to  such 
au  extent  that  it  is  unserviceable. 

Alexandria^  La. — ^The  river-gauge  is  a  new  one,  erected  by  the  United  States  Engi- 
neers last  year.  It  is  made  of  6  by  8  inch  timber,  well  secured  to,  and  has  the  same 
inclination  as,  the  bank.    The  numbers  .and  graduation  lines  are  marked  with  copper 

The  zero  of  the  gauge  is  the  low  water  of  1881.     Height  of  gauge,  38  feet. 

The  highest  water  on  record  occurred  in  1866,  and  marks  36.46  feet  on  tiie  gauge. 

The  lowest  water  was  3.70  feet  below  the  zero  of  the  gaug^ 

Danger  begins  at  33  feet. 

The  levees,  both  above  and  below  Alexandria,  are  broken,  and  until  they  are  repaired 
the  land  is  liable  to  overflow,  and  danger  would  begin  at  31  feet.  When  the  levees  are 
in  good  order  danger  is  not  apprehended  until  the  gauge  marks  33  feet. 

The  line  of  high  water  of  1866  is  marked  on  a  large  (Mik  tree  standing  in  the  northeast 
comer  of  the  court-house  lot.    The  mark  is  made  with  three  nails  and  two  cuts,  thus: 


000 


and  is  36.46  feet  above  the  zero  of  gauge. 

The  elevation  of  the  zero  of  gauge  alwve  sea-level  has  not  been  determined. 

JMhit  La. — ^The  river-gauge  is  placed  on  the  north  perpendicular  post  of  first  trestle 
west  of  the  turn-table  of  the  Yicksburg,  Shreveport  and  Pacific  Railroad  bridge  over 
Bayou  Mason.  The  zero  is  the  low- water  line  of  1881.  Zero  below  the  top  rail  on 
bridge,  40.75  feet. 

The  zero  of  gauge  above  sea-level  has  not  been  determined. 

Danger  begins  at  20  feet. 

Highest  water  was  in  1882,  and  would  mark  37.50  feet  on  gauge.  When  danger  line 
is  reached  all  the  land  in  the  section  known  as  overflow  lands  begins  to  overflow. 
The  high  water  here,  as  at  Girard,  is  caused  by  the  overflow  from  the  Mississippi  River. 
No  danger  from  the  Bayou  Mason;  all  danger  arises  from  the  water  that  comes  in  from 
broken  levees.  Bayou  Mason  is  navigable  for  small  boats  20  miles  above.  When  the 
liver  18  at  a  4-foot  stage  navigation  ceases. 
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West  MdvUle,  La. — The  river  gauge  belongs  to  the  U.  S.  Engineerd. 

The  zero  point  is  37  feet  below  the  high  water  of  1882,  and  4  feet  below  the  zero  point 
of  gauge  at  Barber's,  near  the  head  of  the  river.  Four  feet  is  the  slope  of  the  river  be- 
tween the  two  points. 

Zero  below  base  of  rail  on  the  bridge  is  44.90  feet. 

The  high  water  of  1882  was  the  highest  ever  known  here. 

The  gauge  is  in  three  sections  on  the  bridge  and  two  on  the  shore.  It  is  graduated 
and  numbered  up  to  50  feet. 

The  lowest  recorded  stage  of  water  was  in  1884,  and  marked  3.80  feet  on  the  gauge. 
The  water  of  1881  was  considerably  lower,  but  there  is  no  record  of  the  poin  tit  marked 
on  the  gauge. 

Danger  begins  at  31  feet,  and  when  the  water  reaches  this  stage  it  overtops  the  banks 
on  both  sides  of  the  river  and  begins  to  overflow  plantations  both  above  and  below  this 
place. 

In  1884,  at  a  6-foot  stage  of  water,  the  boats  ceased  to  run,  owing  to  the  low  water  on 
the  bar  in  the  old  river.  During  1885  another  bar  formed  at  the  mouth  of  Red  River, 
which  obstructs  navigation  to  a  great  extent  both  in  Red  and  Atcfaafiilaya  rivers.  Dredg- 
ing on  the  bar  is  expected  to  be  completed  at  an  early  date.  The  stage  of  water  at  which 
navij^tion  would  be  interrupted  depends  in  a  great  measure  upon  this  work. 

Bayou  SarOf  La. — The  river  gauge  is  partly  on  a  pile  at  the  down-stream  end  of  the 
West  Feliciana  Railroad  wharf  and  partly  on  an  inclined  timber  extending  into  river  and 
anchored  at  the  bottom.  • 

The  bench-mark  is  a  line  on  the  south  side  of  the  southwest  brick  pillar  supporting  a 
house  occupied  by  Mr.  W.  Hand,  and  is  situated  near  the  West  Feliciana  Railroad  depot 
The  line  is  marked  by  three  nails  driven  into  the  pillar.    Elevation  above  zero,  40  feet. 

U.  8.,  B.  M.,  XXXIX  is  the  top  of  copper  bolt  in  limestone  monument  at  the  north- 
east end  of  base  line,  directly  opposite  Bayou  Sara. 

Elevation  above  sea-level,  37.00  feet. 

Zero  of  gauge  below  bench-mark,  84.71  feet. 

Zero  of  gauge  above  sea-level,  3.19  feet. 

Danger  begins  at  28  feet  when  the  water  reaches  the  foot  of  the  levees. 

New  Orleans f  La. — The  river  gauge  is  placed  on  a  pile,  with  four  piles  braced  together, 
fonning  a  protection  around  it.  The  gauge  is  situated  in  the  rear  of  the  ferry  wharf  at 
the  foot  of  Canal  street 

The  bench-mark  is  a  stone  marked  *'X,"  the  city  datum  point,  and  is  the  high  water 
of  1874.    It  is  IG.  12  feet  above  the  zero  of  gauge  and  14. 62  feet  above  sea  level. 

The  zero  of  gauge  is  the  low-water  line  of  December  30,  1876,  and  is  1.50  feet  below 
sea  level. 

Highest  water  in  1874,  which  was  16.17  feet 

Danger  begins  at  13  feet 

Readings  on  this  gauge  commenced  November  1,  1885,  when  the  zero  of  gauge  was 
changed  from  high  water  of  1874  to  the  low  water  of  1876,  the  new  zero.  Readings  are 
16.2  feet  lower  than  those  made  prior  to  November  1,  1885. 

I  would  most  strongly  uige  that  the  following  be  inserted  in  the  estimates  of  appro- 
priations required  for  this  service  for  the  fiscal  year  ending  June  30, 1888: 

River  and  flood  observatioms,  and  expenses  incidental  thereto,  $13,000.  This  item  is 
for  observers,  $6,679.50;  services  of  river  expert,  $1,800;  river  gauges,  $3,000,  and  inci- 
dentals, $1,440.50. 

Very  respectfully,  your  obedient  servant, 

F.  R.  DAY. 
Second  Lieutenant,  Signal  Corps, 

The  Chief  Signal  Officeb  of  thb  Abmt. 
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BAIL  WAY  WEATHER  BULLETIN  SERVICE, 

This  system  oontinaes  in  acUve  operation,  and  its  increasing  popularity  is  made  mani- 
fest throngh  reports  from  railroad  stations  at  which  the  indications  are  posted  for  the 
benefit  of  the  public 

This  mode  of  disseminating  the  weather  predictions  is  most  highly  appreciated  by  the 
agricultural  interests  in  sections  traversed  by  co-operating  railroads,  ikrmers  ooziiBnlt- 
ing  the  bulletin  at  their  local  railway  station,  to  be  guided  by  its  warnings,  before  be- 
ginning tbe  work  of  the  day. 

The  indications  are  telegraphed  over  their  lines  by  co-operating  railroad  companies 
each  morning,  and  posted  at  1,349  stations  throughout  the  oount^.  A  few  tel^^ph 
and  telephone  lines  have,  within  tbe  past  year,  inaugurated  this  system  of  distribution 
of  the  indications;  and  rei>orts  from  their  officials  show  tibat  the  success  of  the  under- 
taking is  much  beyond  their  expectations. 

A  list  of  railroads  and  telegraph  and  telephone  lines  co-operating  in  this  work  is  given 
below. 

lAst  of  railroads  co-^tperating  wUh  the  United  SUUea  Signal  Service  and  the  number  of  eta- 
tiona  on  each  line  at  which  weather  indications  were  posted  for  the  benefit  of  the  public  dur- 
ing the  year  ending  June  30,  1886. 


Itailroads. 


AUefcheny  Valley , 

Atchison,  Topeka  and  Santa  Fm 

Baltimore  and  Ohio 

Baltimore  and  Potomac , 

Bellaire,  Zanesville  and  Cincinnati 

Boston  and  Lowell ^ 

Boston  and  Maine 

Charleston  and  Savannah 

Oiicago  and  Alton 

Chicago  and  West  Michigan 

Cincinnati,  Washington  and  Baltimore 
(Marietta  and  Cincinnati  Division).. 

Cleveland,  Columbus,  Cincinnati  and  Indi- 
anapolis   

Cleveland,  Loraine  and  Wheeling 

Cumberland  Valley 

Detroit,  Grand  Haven  and  Milwaukee 

Detroit,  Lansing  and  Northern 

East  Tennessee,  Virginia  and  Georgia 
(Memphis  and  Charleston  Division) 

Flint  and  Pere  Marquette 

Grand  Kapidsand  Indiana.. 

Grand  Trunk 

Huntington  and  Broad  Top  Mountain. 

Lehigh  Valley .m................... 


o  . 
n 

II 

II 


ao 

OS 

89 

4 

0 

13 

65 

7 

12 

39 

15 

41 
7 
9 
4 

20 

7 
14 
64 
13 

8 
80 


Railroads. 


Louisville  and  Nashville  .* 

New  York  and  New  Eng  and.. , 

New  York  Central  and  Hudson  River 

Northeastern , 

Northern  Central 

Ohio  River 

Old  Colony , 

Pennsylvania 

Philadelphia  and  Erie 

Philadelphia  and  Reading , 

Philadelphia,  Wilmingtonand  Baltimore. 

Pittsburg,  Fort  Wayne  and  Chicago.... 

Portland  and  Ogdensburg 

Providence  and  Worcester 

Richmond  and  Allegheny.. 

Baint  Ix>uis  and  Cairo.. 

Saint  Louis,  Iron  Mountain  and  Southern. 

South  Carolina , 

Southern  Central 

United  Railroads  of  New  Jersey 

Washington,  Ohio  and  Western 

West  Jersey 

Worcester,  Nashau  and  Rochester , 


Total 


20 
G2 

8 

7 
22 

9 
115 
87 
21 
118 
20 
54 
10 
14 
26 
14 
20 
13 

6 
42 

7 
35 
18 


1,810 
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lAsl  of  telegraph  and  telephone  companies  co-operating  with  the  United  States  Signal  Service^ 
and  number  of  stations  on  each  line  at  which  weather  indications  were  posted  for  the  hene^ 
of  the  public  on  June  30,  1886. 


Telegniph  and  telephone  companies. 


EdlflonMutual  Telegraph  Company 16 

Miohigan  Postal  Telegraph  Company «.» ~ !  * 

Wisconsin  Telephone  Company „ ;  114 

Union  and  Purcellvlllo  Telephone  Company , « |  7 

Total I  145 


APPENDIX  II. 

BEPOBTOF  OFFICER  Ili  CHARGE  OF  THE  CORRESPONDENCE  AND  RECORDS 

DIVISION. 

Signal  Office,  Wab  Department, 

Washington  City,  August  4,  1886. 

Sib:  I  have  the  honor  to  iocloee  herewith,  as  nsaally  famished  by  the  Correspond- 
ence and  Records  Division,  for  publication  in  annual  report,  the  following,  in  duplicate 
in  each  case: 

( 1 )  List  showing  number  of  communications  sent  from  and  received  at  the  Signal  Office, 
Washington  City  (exclusive  of  telegrams),  year  ending  June  30,  18S6. 

(2)  List  of  stations  inspected,  year  ending  June  30,  1838. 

(3)  List  of  places  for  which  stations  have  been  requested,  but  not  established,  to  June 
30,  1886  (not  printed). 

(4)  List  showing  meteorological  data  furnished  persons  for  purposes  specified,  year 
ending  June  30,  1886. 

(5)  List  of  boards  of  trade,  chambers  of  commerce,  and  other  organizations  having 
meteorological  committees  to  confer  with  the  Chief  Signal  Officer,  June  30,  1886. 

Very  respectfully,  your  obedient  servant, 

B.  M.  PURSSELL» 
Second  Lieutenanif  Signal  Corpsj  U.  S.  Army» 

The  Chief  Signal  Offices,  U.  S.  Abmt. 


Signal  Office,  Wab  Depabtment, 

Washington  City,  June  10,  1886. 

Sib  :  In  compliance  with  Memorandum  No.  167,  current  series,  I  have  the  honor  to 
submit  the  following  concise  report  upon  the  work  of  the  Correspondence  and  Records 
Division  during  the  fisod  year  ending  June  30,  1886 : 

(a)  The  duties  of  this  division  embrace  the  record  of,  and  action  upon,  all  general  and 
miaoellaneons  correspondence,  including  communications  sent  and  received. 

fb)  Correspondence  relative  to,  and  supervision  of,  all  examinations  for  enlistment. 
c)  The  recruiting  for  the  Signal  Corps. 

(d)  The  promulgation  of  all  instructions,  general  and  special  orders,  and  circulars 
issued  by  the  Chief  Signal  Officer. 

(c)  See  that  the  business  of  the  service  is  conducted  in  strict  accordance  with  the  regu- 
lations, and  to  report  all  violations  of  orders  and  departures  firom  the  regulations  to  the 
Chief  Signal  Officer,  and  carry  out  bis  orders  thereon. 

(/)  The  examination  and  snpervision  of  the  medical  accounts  of  the  men  of  the  Sig- 
nal Corps  and  correspondence  relative  thereto. 

iff)  The  preparation  of  data  in  pension  cases  of  officers  and  enlisted  men  of  the  Sig- 
nal Corps  during  the  rebellion. 

(A)  Keep  proper  record  of  examinations  and  enlistments  and  personal  histories  of  en- 
listed men  of  the  Signal  Corps  and  of  the  appointments,  discharges,  and  resignations  of 
civilian  employ^. 

In  relation  to  the  foregoing,  I  have  the  honor  to  report  that  the  general  and  mis- 
cellaneous correspondence  of  the  office  has  been  unusually  heavy  during  the  year,  but 
as  a  rule  has  been  conducted  with  dispatch,  and  in  a  manner  satisfactory  to  all  con- 
cerned, although  at  times  the  force  on  duty  in  the  division  has  been  insufficient  to  main- 
tain that  promptness  and  certainty  of  action  so  necessary  to  the  transaction  of  busi- 
ness in  the  office.  The  general  correspondence  indicates  unmistakably  the  increasing 
and  pressing  demands  for  a  further  extension  and  improvement  of  both  branches  of  the 
Signal  Service,  meteorological  and  military.  In  the  meteorological  service  the  princi- 
pal demands  of  the  general  public  are  for  a  more  extended  dissemination  of  the  official 
predictions  of  the  office,  so  as  to  embrace  all  the  small  cities,  towns,  and  villages,  and 
&r  the  benefit  of  special  industries,  such  as  cattle-raising  in  the  West,  packing  and  ship- 
ping interests,  &c. ;  demands  for  more  stations  in  the  interior  of  the  country,  and  for 
special  predictions  relative  to  floods,  cold  waves,  frosts,  and  other  abnormal  chai)g(^s.  Vac 
building  of  new  sea-coast  and  military-telegraph  lines,  cable  connections,  <&c. 

Special  attention  has  been  given  to  correspondence  and  examinations  relative  t6  the 
enUstoODt  of  recruits  for  the  Signal  Corps,  and  the  officer  in  charge  has  faithfully  en- 
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deaTored,  and  he  beUeres  with  suooesB,  to  carry  oat  the  wisheB  of  the  Chief  Signal 
Officer  that  none  bat  men  of  the  highest  order  of  physical  and  mental  excellence  at* 
tainable  be  secnred  for  the  yacancies  in  the  ranks  of  the  corps*  All  enlistments  have 
been  made  nnder  the  strictest  application  of  the  dTil-serrice  principles  embodied  in  the 
roles  of  the  Chief  Signal  Officer  governing  this  matter.  The  very  limited  nnmber  of 
instances  of  misoondact  and  neglect  of  daty  on  the  part  of  the  instructed  men  of  the 
corps  daring  the  past  year  give  evidence  that  the  standard  of  personmH  has  aboat  reached 
the  maximum.  The  present  state  of  efficiency  can  only  be  maintained  by  the  strictest 
application  of  the  pr^ent  rales  (^venting  admission  to  the  service.  The  following 
table  shows  the  number  of  examinations,  enUstments,  promotions,  discharges,  reduc- 
tions, deaths,  &c,  during  the  year: 

I^mad  year  ending  June  30,  1886. 

Candidates  who  submitted  preliminary  examination  papers 47 

Candidates  who  appeared  for  final  examination 31 

Men  enlisted  (thirty-eight  of  whom  did  not  submit  preliminary  examination  papers 

but  were  examined  at  office,  Washington,  D.  C.) —  69 

Men  instr acted  at  Fort  Mycr  in  the  full  meteorological  and  field  counse 36 

Men  instructed  at  Fort  Myer  as  military  si^ialists 30 

Promotions  to  grade  of  sergeant 32 

Promotions  to  grade  of  corporal - 33 

Promotions  to  grade  of  first-class  private 27 

Reductions  to  ranks 15 

Discharges _ 50 

x^eoeasec* ._ _ ^.^-._._  __——_..——.• .. _——— -_^».. ._•_—_—•—.._—•.— _ •_ .._•>.__—•—_>_-_  4 

The  instructions  and  general  and  special  orders  of  the  Chief  Signal  Officer  have  been 
promulgated  in  printed  form  from  time  to  time,  numbered  in  separate  series,  and  neatly 
bound  in  volumes  at  the  end  of  the  year. 

As  a  general  rule  all  persons  in  the  service  have  rendered  faitliful  service,  have  given 
ready  compliance  with  the  orders  of  the  Chief  Signal  Officer,  and  there  have  been  but 
few  derelictions  to  report,  and  these  of  a  minor  character.  Although  the  five  hundred 
men  of  the  corps  are  scattered  throughout  the  whole  territory  of  the  United  States,  and 
many  of  them  are  required  to  serve  in  severe  and  unhealthy  climates  and  perform  the 
most  arduous  duties,  yet  the  general  health  has  been  excellent,  few  cases  of  severe  ill- 
ness occurring,  and,  as  above  stated,  only  four  deaths  took  place  during  the  year.  Most 
of  the  sickness  was  among  the  men  on  duty  in  the  office  of  the  Chief  Signal  Officer. 

A  considerable  portion  of  the  time  of  one  clerk  has  been  given  to  the  preparation  of 
data  relating  to  pensions  for  officers  and  enlisted  men  of  the  Signal  Corps  during  the  re- 
bellion. Attention  is  invited  to  the^unsafe  position  of  these  and  other  Suable  militaiy 
records  of  the  Signal  Corps  during  the  late  war.  These  records  are  all  stored  in  building 
No.  1721  G  street  This  building  is  not  fire-proof,  and  is  surrounded  by  other  rickety 
buildings  which  may  bum  at  any  moment. 

Careful  record  has  been  maintained  during  the  year  of  the  personal  history  of  all 
members  of  the  corps,  so  that  the  merits  and  demerits  and  all  the  particular  affecting 
the  personal  and  official  character  of  any  individual  can  be  placed  before  the  Chief  Sig- 
nal Officer  at  a  moment's  notice. 

During  the  year  143  stations  of  the  Signal  Service  were  carefully  inspected  by  officers 
of  the  corps. 

Very  respectfully,  your  obedient  servant, 

B.  M.  PURSSELL. 
Seeond  lAevienant^  Signal  Corps,  U.  8,  Armg, 

The  Chief  Signal  Offices  of  the  Abmy, 

WaahingUm,  D.  C 


Appendix  11a. 

SUUement  exhibiUng  the  communieaiions  sent  from  and  received  at  the  Signal  Office,  Washing* 
ton  City  (exclusive  of  telegrams)  from  July  1,  1885,  io  June  30,  1886. 

SENT. 

To  heads  of  departments  and  bureaus 4,395 

To  non-comml?8ioned  officers  in  charge  of  stations,  concerning  their  duties.  19, 155 

In  reply  to  appl  ications  for  establishment  of  stations 117 

To  telef^raph  companies,  in  reference  to  transmission  of  weather  reports,  the 

erection  of  telegraph  lines,  &c .. 139 
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To  boards  of  trade,  chambers  of  commerce,  &c ..  351 

To  foreign  correspondents,  relating  to  simnltaneons  weather  reports 330 

To  foreign  correspondents  in  general — - 150 

To  voluntary  observers  thronghont  the  United  States.  -  - _.  .  10, 860 

Relative  to  enlistments,  dischai^ges,  &c - 1,479 

Relative  to  publications - _ __ 808 

Data  furnished - 387 

To  ixxstmasters,  relative  to  fimneis'  bulletins,  &c 188 

To  railroad  companies,  relative  to  establishing  stations,  furnishing  indications, 

&c - -— 231 

To  Fort  Myer,  Va.,  concerning  duties  and  discipline  at  Signal  Service  school 

of  instruction,  &c 388 

Restive  to  furnishing  meteorological  instruments,  charts,  books,  forms,  &c.  510 

Relative  to  building,  sale,  repair,  &&,  of  telegraph  lines 197 

To  signal  officers,  rdative  to  their  duties - 618 

Orders,  circulars,  instructions,  &c 66,600 

To  manufacturers  and  others,  in  reference  to  instrumenta,  equipments,  &c. ..  10, 009 

In  reference  to  quarterly  returns  of  officers,  Sec 2,799 

Relative  to  furnishing  indications  and  predictions 1,867 

Miscellaneous 14,469 

Total 126,847 

BECKIVKD. 

From  heads  of  departments  and  bureaus 8,273 

Applications  for  establishment  of  new  stations . 43 

From  telegraph  companies,  in  reference  to  the  transmission  of  weather  reports 

and  the  construction  of  telegraph  lines,  &c 396 

Fromboardsof  trade,  chambers  of  commerce,  &c 322 

From  foreign  correspondents 6,918 

Surgeons'  certificates _ - 198 

Examination  papers  (sets) 116 

From  enlisted  men,  in  reference  to  their  duties 10,122 

Returns,  accounts,  descriptive  lists,  &c 925 

From  United  States  naval  stations  and  vessels 1,188 

From  voluntary  observers  throughout  the  United  States 10, 860 

From  United  States  military  poets  (surgeons'  reports) 678 

Relating  to  duties  and  discipline  at  Signal  Service  school  of  instruction  at 

FortMyer,  Va. 612 

Relating  to  insl^ction  in  military  signaling 317 

Applications  for  enlistment « 589 

Instruction  reports ->  2,244 

Reports  from  railroad  stations  in  roference  to  weather  reports 17, 808 

MeteorologicaEd  forms,  &C.,  from  stations , 180,729 

Rcq^rts  from  postmasters  in  reference  to  weather  bulletins 4, 220 

Acknowledgments  of  orders,  ciroulars,  &c 13, 490 

From  manu&cturera  and  others,  in  reference  to  instruments,  equipments,  &c. .  2, 804 

From  officers,  concerning  property  and  money  accounts 22, 880 

Bliscellaneous — 10,827 

Total 302,218 

Total  sent 126,847 

Total  sent  and  received - 429,065 

TSLBGBAMS. 

Cipher  words  orroports  sent  and  received .  1,774,995 

Td^gramsother  than  weather  reports  sent  and  received 80, 590 
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Slationa  irupecUd  tluring  fltcai  year  ending  Jw»e  30,  1688> 


AbUon 


*i     ''mi* 

Apache.  Foit-AHx 

Aab  Votfc.  Aril. - 

AtluM,  0». _- 

AtUoUaClty.  N.  J 

Asdnabofne.  Fori.  Mont. 

ADguiM,  Oa. - 

BuiB«,  Me 

Baliutiore,  Md.       

Berneintt  Clt^, 
Itennell,  Fort,  I 
Benton.  Fort,  k 
BiBDwrok,  Duk. 
Bloi*  liliind,  K 

Bowie"' r™  Aril.'.!"!";;! 

BrowtwTllle.  Tex 

BuBUo,  N.  Y _, 

Bu  fonl.  Fort.  Dkk. ~ . 

Celro,  111 

Cupa  Henlopen,  Del 

cape  Her,  N.  J 

CalerKeTB,FI>. 

Chu-loUc,  N.  O 

Cherteeton,  6.  C. ............. 

ChetUnaon,  Tenn- 

Cbkago.lll ... 

ChlnooleaKUe.  Va. 

doGintiMr  Oblo 

Clevelend,  Ohio 

Colambiu,  Ohio 

Conoordla.  Kent 

Ciltter.  Fort  Mont. 


Tndiraod.  DkIc..., 

Denver,  Colo 

DceMoinea.IowiL., 

t.  Mich 

>odBaCllr.Ki 


XSr 


QnndIh*eii.Mlcb..,.. 
Omnt,  Fort,  A  rie......... , 

areenoaatle,  Ind. , 


Indiiuiota,Tex. 


KerWeM,Flt>..... 


Leavenworth.  Kar 


nepeoted  by — 


Ueut.  W.  D.  Wrisht.  elciial  Corpi... 
Lieut.  J.P.FInley,  KgnA  Corp*. 


Unit.  K.  B.  Walklno,  Slgiial  Cmpa. 

Uent.  L.  K  Sebrae.  SiBnalCorpa.-... 
UeubJohnP.  FiDley.alsnalOoipa.. 
Uaut.  F.  B.  Day,  SiipalTlariie 


Sifni. ,_ 

[...  K.  aebree,  BlsDal  Uona... 
'  M.  Weber,  Slinal  Corp*.. . 


Lieut.  J.  U.  Weber,  Blinul  Ooq«... 


Uaut.  R.  B.  Watktns,  Sisnal  Corpa. 
Lleol.  W.  D.  WriKbt.  Signml  Corpa 

Llenk  J.  P.  FInley. Signal  Oorpa 

Ltent.  F.  B,  Dav.  Sigoal  Coipe. 

Lieut.  J.  C  Watabe,  Signal  Corpa.. 
Lieut.  J.  P.  FInler,  Sigfial  Cotpa..... 


I4eut.  L.  K.  Sebrea,  Slxnal  Ooipa.. 
Ueut.  J.  a.  Powell,  elnial  Corpa.... 
Lieut.  L.  E.  aebree,  Bliiial  Oorpa.. 


Ucul.  J.  C.  WaUie,  flisnal  Corpa.., 


Lleul.J.P.FiDle*,Si 
UeiK.  J.B.  Powell.  S 
Lieut.  J.  F.  Flnley,  I 
Lieut.  J.  a  Powell,  I 
LleukJ.  C.Walahe, 
Lieut.  F.  It.  Day,  8i| 
Lieut.  ].  C.  Waldie, 


Ueut  W.  D.  WHshl 


Lieut.  J.  C.  Wall 


Lieut.  J.  C.  Walabe, 


.MenalCo 


LleuL  J.  H.  Weber,  BiRnal  Corps... 
Lieut.  W.  D.  Wrl^t,  Signal  Corpa. 

.. ^^izi — 

Lieut!  W.'il!  Wriitht.  S^narcorpa!.! ! 


Ueut.  R.  B.  WaUifn  Blsnal  Corpa.. 
Lieut.  J.  P,  Flnley,  Slonal  Cnm«. 
Ueut.  JjC^WalBhe.  F  ■ — ' 


Lyncbbure.  Va - , 

UoDowell,  Fort,  Aria 

Mackinaw  Clty.Hlob „.. 

Hacliinie,  Fort.  Mont 

UarikTei , 

HBrleapa,Arlx 

HarqtMtM.MIch 

Marine  Acency.  Philndelpbia 
Marine  Aeenoy,  Now  York 

aty. 
Meinpbli.Tenn 


[>.WriKbt,BlKnal  Corpa.. 


Beptembet  XL  IBM. 
AuBuatM,SD,lMi. 
Bapcember  lll,ia,l«l. 
Oetobar  17,31,  IMS. 
BeptembeplG,U8a. 
MayS-S.lSM. 

H^lembac4,inB. 


September  12. 1889. 

Auri>tT.8,i8§a. 

AUKuetU.IsaS. 

May  20, 21, 1886. 


April  23-3S,  use. 


September  6,  T.  18K>. 
Junel2.33.18S6. 
September  l<,lM8n. 
AUKUrt38,».U8S. 
A  uguat  22,180. 
September  its,  lOS. 
September  S3,  laes. 
seplem  bara.  4,  igas. 
AUBuit  SI,  IS,  iBes. 
September  ills,  1880. 
BepMmber  11,13.1880. 
AuBuat  30,21,18a. 
Ausiiitie,1883. 
AuKuM  20-37.  I88>. 
Uelober7.a.lsn. 
Oetober  IB.  19.1381. 


AuKUot  12,13.1880. 
AuRUBtS4-2a.IBB. 
September  19,20,180 


August  23. 1880, 


Seplainber  IT.  1883. 
Oolobcr  IR,  188S. 
September  19, 1&  189. 
AUBuat  10,19,1883. 
AuffnMig,18as. 
September  Zl-n,188B. 


Jeat.F.RDBy.8lBnal  Corps. 

iient.W.D.WriKht. Signal  Corpa.... 
.leut.R.  D.  Watktns.  8&nal  Corps..... 


.   Auguat13,H,18n. 
..   AuBun— ,  18SJ. 

uo :  AuguM  28-19, 1888. 

Lieut.  W.D.  Wright,  Signal  Corpa...  |  Auguat  13,1113881 
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li  dwiugJUeal  year  ending  June  30,  1866 — Coutiaued. 


MilwstiliM.  wis 

UobllcAlK. 

Hontfoiscry,  Ala. 

MontroH,Caio 

Moorlwul.HInD 

Kount  WublnKlon.  N.  U 
NarruuweH  Hei,  B.  I.. 

Na^*ll  le.Tcnn _-. 

Hew  HkTCD,  Conn  t,tt,*^. 
New  London, Cmm .. 


.  dw.Hd. 

*,N;fcr.... 


flilladelphla,FB.... 


PortHu 


n,illah... 


Beno.  Foit.Iiid.  T -.. 

Bio  QnuKle  Cttr.Twi 

fiooboter.  H.  ¥.....__... 

SalntPaul.HlaD 

SkIbC  Vinont,  lOu  ...- 

Saint  Laata,  Ho .. 

San  AnloDlo,  Tu_..„„ 
8ui  Ouliia,Ajl«.„__.... 

Btm  Dlwo.Ckl __- 

Sudy  Hook.N.J 

— -  ^  OBkr.  Ohio 


BonfoH.PlL 


l.ul8  Obispo.  Cnl.......... 


S.Sai 


8111.  Fort.Iod.T. 

Smllb.  Fort.  Ark 

Bprinafleld,  111 _ 

SUntDn.Fon,  N.  M«x .... 

SlorkUm,  Furt,  T«I 

Sallr.  Pott,  Dak. „. 

Supply,  Fort,  Ind.  T .. 


Llnnt.J.n.Walihe.di^alCoipa. 

Llent.  F.  R.  Dbt.  Btknal  Corpa._ 

Lieut.  J.  H.  We>Mr,8lBnal  OirpL 


Ueat.W.D.WTlsh(,8iKnal  Corpa.. 
LUot-I.H.Waba.SlpuaOacpe.... 

Uetit.  it.  S.  B(iWB,BliiiiiJ*'darnu" 

Uent.  J.  P.  Flnler,  Slsnal  Corpa.... 

UenLJ.S.PoweLI.Bi 

LlMlt.J.O.Walahe.S 

Lllut.J,P.Fiilley,ai 

UMM.J.C.WBUhe,a 

Umt.J.P.PlDle;,BI 

Lieut.  W.D.  Wright. 

Uent.  L.  E.8ebree,  8 

Lleat.J.P.FInleT,B 

LI*avaB.Watkl)u, 

Lte(U.J.C.WBl>lu,S 

Llant.J.a.FoweilT8l 


Iiie>it.F.B.D»,8tEi 
LleiM.J.P.Pl^r.l& 
Uaat.R.aWatklD>, 
LleBLW.D.Wrl(ht,BiKnalOoipe.. 


Llant.J.O.Wai£< 
L4mit.F.R.Dn>.W 
Ueat.J.O.W^UM 
Ltmil.W.D.Wrfgt 
Uau.  B.B.W>lUi 


Uetn  J.  P,  Flnler,  HcaalOarpa....^ 


UeDt.B.B.Watldoe,8isiul  Corpa.. 


JeuL  L.  G.  Sebree,  Slfinal  Corps, 

iaal.F.R.I>a7,BiKnal  Corps. 

-Jeut.  W.  D,  Wright.  Blgnal  Corps... 

Lien(.L.S.  Sebree,  Slicaal  Corps. 

" — .W.D.Wrighl.9iCDal  Caijis... 


Vli:kibuTg,H(sa..... 


Yankton,  Dak.... 


U«nt.J.P.Finlsy.SignBl  Corpa...., 

UmLF.R.  Day. 8l|mal  Corps.. 

•  —*  J.  CWalshe.  Signal  Corps... 

.  L,  B,  Stbm.  Blgnal  Corps 

J.C.WalBhe.SianolCorps 

Uent.  B.  B.  Walkiot.  Signal  Corpa.. 


Ueot.  F.  K.  Da]',  Sisnal  Corps.... 


Uent.R  B.  Wat] 


Date  of  luspeclion. 


October  l.iseo. 
August  II.  13.  IBffi. 
October  T-«,  UK. 
Oetober  2-S.  1885. 


August  U.  IB,  USB. 
June  1-T.  last. 
September  l.^uas. 
Ausust  fl,  10,  IffiS. 
AuBuatM.n.ino. 
August  31,  SepMuber  L  IB 
August  21.  las. 
Januar7U>,ugs. 
Angus!  12,  liUO. 


Juns  33-18,1880. 
September  SO.  USB. 
AusastSl,18M. 
aepleinberl8,U,in>. 
November  4^  Ueo. 
September  »,S>,ina. 
September  8,9,1889. 
September  1-3.  un. 
August  IS,  ISSS. 
August  ll,18Hi. 
September  1>-Z1,I88S. 
eeplember  12-11.  IStlB. 


September  £8-30,  IfflS, 
August  23.  ia,i«js. 
September  T,  8,  IS83. 
Mar33,»,lSW. 
SrpteDi  ber  29.  xe,  1883. 
October  M.lSaS. 
Uar  13. 10,1886. 

Augusta),  n.'isss.' 

Aprlll2, 13,188$. 
September  2S.M.  MB, 


November  2fi. 
October  10,  It 
Sepleinber  1! 


Appendix  11c. 

HeteoTologlcat  data  were  fnrniBhed  227  diSereot  p«TSotiH  daring  the  ;e«r  ending  Jane 
30,  1886,  At  tbeir  request,  for  the  following  pnrpoaes,  viz. ; 

To  )w  naed  In  State  or  United  States  coarta  as  evidence. 

To  bft  nsed  In  compillnK  works  or  pnUiottlons  oa  metMMlog^,  h;giene,  agrlcoltnra, 
manaftcturM,  commerce,  &c. 

ToaHMinaaaim&ctnrCB,  tliepiceecatioDof  tboarte,  and  advancement  of  the  seienaer 

To  Mttie  qnertions  aa  to  tbe  relations  of  metenrologj  and  agricnltare. 

In  deddlng  the  caoBe  and  locating  the  icnpotisibilit;  in  railroad  and  marine  dliiaBteis. 

In  flxiog  tdM  iMpDneibiiity  of  damage  to  freight  in  transit  by  common  cariiers. 

In  acqn^ntlng  immigrant  with  the  climatology  of  diatilets  open  to  settlement 

In  Informing  invalids  of  (be  desirability  of  tbe  meteorology  of  sectioiu  affecting  theli 
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Appendix  11  d. 

List  of  boards  of  trade,  chambers  of  commerce,  and  other  organizations  tohich  had,  on  June 
30, 1886,  meteorological  committees  to  confer  with  the  Chtef  Signal  Officer  of  the  Army. 


Place. 


Nftme  of  organiattion. 


••••••••••••*•• 


Alpena,  Mich. ^ 

AjtoiiAf  Oreg m** 

Atlanta.  Oa ^.. 

Augusta,  (H. 

Baltimoze,  Md...« 


Block  Island,  B.  I 

Boston,  Mass 

BufllsIo,N.T 

Charleston,  8.  C 

Do 

Charlotte,  N.  O. 

Chattanooga,  Tenn... 


Board  of  Trade 

Board  of  Underwriters. 


Astoria  Chamber  of  Com- 

merce. 
Chamber  of  Commerce...... 

Augusta  Cotton  Exchange. 

Board  of  Trade 


Chicago,  111 

Cindnna^,  Ohio.... 
deyeUmd,  Ohio 


Columbus,  Ohio. 
Concordia,  Kans. 


Denver,  Colo 

Des  Moines,  Iowa. 


Detroit,  Mich 

Dubuque,  Iowa... 


Dulttth,Minn 

Brie,  Pa 

Escanaba,  Mich.. 


Grand  Haven,  Mich. 

Huron,  Dak , 

Indianapolis,  Ind..... 


Indianola.  Tex..... 
JacksonvlUe,  Fla 


Key  West,  Pla , 

La  Crosse,  Wis 

Leavenworth,  Kans «....., 

Uttle  Bock,  Ark.....M...M 


Los  Angeles,  Cal.. 
Louisville,  Ky 


Do. 


Societj  of  Alia. 

Merchants*  Exchange 

Chamber  of  Commerce 

Merchants'  Exchange 

Chamber  of  Commerce ..... 

Iron,  Coal,  and  Mannikct- 
urers*  AHOoiation. 


Board  of  Trade... 


Board  of  Txadeand  Trans- 
portation committee. 
Board  of  Trade. -... 


...do., 
...do»... 


a...... .................. 


Chamber  of  Commerce. 
Board  of  Trade............. 


..do 
..do 


.do., 
.do.. 


City 


Board  of  Trade.  ...x. 
do 


Jacksonville     Board     of 

Trade. 
Board  of  Trade 


.do. 
.do. 


Cotton  and  Produce  Ex- 
change. 

Los    Angeles    Board    of 

Trade. 
Board  of  Ihnule m ............ 


Polytedinic  Society......... 


Committees. 


Charles  B.  Tillinghast,  Edward  A.  Do- 
rant,  J.  Townseod  Lansinir. 

Henry  8.  Seage,  John  N.  Kelley,  J.  D. 
HolmesJS.  F.  Luce,  Charles  H.  Luce. 

Dr.  A.  C.  Kinney. 

B.  W.  Frobel,  J.  T.  Henderson,  R.  J. 

Bedding. 
W.  N.  Iferder,  P.  W.  Foster,  W.  W. 

Bussey. 
George  J.  Appold.  D.  L.  Bartlett,  Ger- 

mon  H.  Hunt,  Frank  H.  Jenkins,  D. 

T.  Busby. 
B.  a  Mitchell,  Bay  S.  Littlefield,  Charles 

E.  Perry. 
Prof.  William  H.  Xiles,  Jacob  A.  Dresser, 

George  T^.  Boberts. 
Nathan  C.  Simons,  Frank  W.  Fiske^ 

Charles  H.  Arthur. 
J.  8.  Murdock,  F.  W.  Dawson,  J.  L.  Shep- 

pard. 
George  W.  Bell,  T.  Follett  Ware,  John 

Dougherty. 
T.  P.  Drayion,  8.  A.  Cohen,  W.  W.  Flem- 

ming. 
D.  W.  Chase,  B.  C.  McBee,  P.  J.  Bennett, 

Tomlinson  Fori,  G.  M.  Sherwood,  L. 

M.  Clark,  A.  8.  Ochs. 
W.  8.  Seavems,  George  O.  Parker,  K. 

M.  Keeld. 
T.  P.  Livesev,  Geo.  C.  Clements,  Chas. 

H.  Law,  Alexander  Hill,  A.  M.  Dolph. 
B.  K.  Winslow,  ehairman;  B.  T.  I^ron, 

Gapt.  W.  B.  Guylee. 
Geo.  w.  Twiss,  GeoigeCole,  O.  W.  Rosa. 
B.  H.  McEckron,  Theo.  Laing,  Prof.  T. 

Sawhill. 
Chaa.  P.  Wilson,  Herman  Silver,  C.  H. 

Beynolds,  J.  D.  Best,  H.  H.  Melcalf. 
J.  P.  BushnelK  seoretsiy;  S.  A.  Bobert> 

son,  W.  A.  Warfield. 
T.P.Hall,J.W.Flynn. 
Dr.  A.  Horr,  T.  W.  Buete,  8.  M.  Lang- 
worthy. 
Walter  Van  Brunt,  Owen   Faiguson, 

Beid.  B.  Clarkson. 
H.  8.  Jones,  J.  J.  Wadswotth,  H.  Book- 
man. 
John  Power,  John  C.  Van  Duaen,  Wm. 

R.  Northup,  J.  U.  Mead,  W.  wTMulli- 

ken.  

Hon.  Dwight  Cutler,  T.  W.  Kirby,  Will- 
iam Wallaoe. 
John  Cain,  Augustine  Dovis,  Hon.  Geo. 

W.Sterling. 
George  W.  Sloan,  A.  J.  Halford,  Jas.  B. 

Camehan. 
H.  J.  Huck,  Emile  Beiffert.  David  Lewis. 
Dr.  A.  8.  Baldwin.  Messrs  Beed.  Clark, 

Owen,  and  Fueriie. 
M.  L.  Hellings,  Dr.  J.  T.  Porter,  G.  F. 

Ferguson,  Clias.  Howe,  J.  Fogerty. 
D.  A.  McDonald,  John  Bau,  J.  H.  Sier^ 

man. 
Dr.  R  J.  Brown,  Judge  L.  Hawn,  L. 

Mayo. 
Logan  H.  Boots,  chairman ;    John  C. 

Fletcher,  John  D.  Adams,  B,  H.  Far- 

quhar. 
Eugene  Germain,  Vinton  L.  Mitchell,  W. 

A.  Clinton. 
Wm.  Cornwall,  Jr.,  J.  B.  Spe^  Graham 

Wilder,  J.  A.  Tanner,  B.  H.  Bowen, 

Nick  Praser,  B.  M.  Kelly. 
B.  A.  Grant,  M.D.,  LL.D.;  Prof.  J.  A. 

Tanner,  M.  D. ;  Prof.  H.  W.  Watson, 

Ph.D. 
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IM  of  boards  of  trade,  chambers  of  commerce,  and  other  organizaiions,  dc. — Continaed. 


PUoa. 


Lynchbois,  Va m 

Hemphii,  Tenn.^.... 


!••  *•«•••    »•• 


>••••  •»••••■«« 


*«•••••••••• 


dlODllw|  «AJA«a««*«*«*  •••••«•••■••  ••• 


New  HATen,  Conn 

New  London,  Cona.. 


New  Orleans,  Lft. 


Do.. 


•  ••••••••••••••••••••••a 


Do. 


■»•«•••••• 


New  York  City,  N.'i'......^. 

Norfolk,  y» 

OnMihA,Nebr..... 

Philadelphia,  Pft»M..^.M....... 


>#■>■•>»• •••••• 


•«••••••••••••  • 


>■■■■■»«•••— ••••e——#— 


Portland,  Me 

x^orua&Qf  urefp  ••••••«■•*•.•••*••••* 

Boeheater,  N.  T  -m^..... 

Saa  IMego,  GU  ....•«m.m. 

Sandusky,  Ohio  .m.m.mmm...m 
flan  Fraaelaoo,  Oal  ..^m. 
gaTanTiah,  Ga  .m-  .... 


»»»■»«»■ 


»»»««■»■»»•♦» .••••• 


Shierepori,  Ia...« 

Saint  Ix>niS,  jao*  .•.•«•.«..•..*.••• 


Do. 


•ees««e«a«a«« 


J^w  ••••••■ 


!••••••••••••••••»•• 


fialnt  Panl,  ICnn..^..*....... 

Toledo,  Ohio»...^.«.^....«.M« 

VidntnusTt  UImLm.m „.— 

"Wilmimton,  N*  CX»«» i«»»»— . 

Yankton,  Dak.... 


••••«•••••• 


Name  of  organisation. 


Chamber  of  Commerce. 
Cotton  Exchange 


Merchants*  Exchange.. . 

Milwaukee   Chamber   of 

Commerce. 
Mobile  Cotton  Exchange.... 

Mobile  Chamber  of  Com- 
merce. 
Merchants*  Exchange....... 


Chamber  of  Commerce. 
CJty  of  New  L«ondon.... 


Cotton  Exchange ... 
Prodnoe  Exchange. 
Sugar  Exchange.... 
Cotton  Exchange .... 


•• ••••«•••• 


Norfolk  and  Portsmouth 

Cotton  Exchange. 
Board  of  Tiade......^.....^ 


Board  of  Trade...... 


»..».<..«. 


Board  of  Trade  and  Bx- 
dkange. 

PhiladdphiaMaritlme  Ex- 
change. 

Coal  Sxofaange......^ 


Board  of  Trade.. 


Chamber   of    Commerce 

and  Board  of  Trade. 
Merchants*  Exohangeu...... 

Society  of  Natnial  History. 

Board  of  Trade  and  dty 

oounciL 
Chamber  of  Conuneroe...... 


Savannah     Cotton     Ex- 
change. 
Cotton  Exchange......^ 


Merchants*  Exchange. 


0  Jtton  Exchange...... 


•••••— ee 


Meobanios*  Exchange. 


*••••••. 


Salnl  Paul  Chamber  of 

Commerce 
Toledo  Produce  Exchange 

Clty.....«m MM........... 

Chamber  of  Commerce...... 

City MM. 


Committees. 


R.  H.  T.  Adams,  Joseph  Cohn,  William 
Hunt. 

D.  P.  Hadden,  John  D.  BCilbum,  J.  J. 
Freeman,  H.  A.  Hamilton,  M.  Gavin, 
James  Yonge,  L.  A.  Scarbrough,  A.  A. 
Paton,  JohnOverlonJr.JB.  J.Semmea. 

P.  Phillips,  John  Weller,  Q.  H.  Peters. 

John  L.  Hathaway,  John  B.  Merrill,  Da> 
vid  Vance. 

W.  H.  Gardner,  Adolph  Proskaner,  D. 
F.  Huger. 

Hon.  Peter  Hamilton,  W.  H.  Gardner, 
E.  O.  Zadek. 

J.  W.  Hopkins,  F.  D.  Hicks  (chairaian), 
H.  W.  Grsatland. 

Henry  G.  Lewis,  Johnson  T.  Phttt. 

James  Fitch,  George  T.  Marshall,  H.  8. 
Bartlett,  E.  A.  Delaney,  B.  M.  Walter- 
man,  Leonard  Smith. 

James  A.  Renshaw,  chairman;  J.  L. 
McLean,  B.  8.  Day,  J.  P.  Dobbins. 

J.  T.  Brodnax,  H.  J.  Soman,  C.  H.  Al- 
len. 

J.  Berkley,  B.  M.  Kinff,  W.  B.  Bloom- 
field.  P.  lAnaux.  W.  uenderson. 

Walter  T.  Miller,  James  F.  Maury,  Will- 
iam P.  CampbelL 

John  N.  Vaugnan,  Adam  Tredwell. 

C.  F.  Goodman,  F.  Bosewater,  G.  C. 

Ames,  Thomas  Gibson,  Joseph  Barker. 
J.  L.  McWhorter,  A.  S.  Failing,  W.  R. 

Hosmer. 
Hon.  8.  C.  Cobb,  Hon.  L  BL  Tarble,  H. 


Charles  Gibbons,  Jr.,  William  A.  Piatt, 

J.  E.  Morse. 
Richard  Barrows,  M.  E.  Lynn,  John  W. 

Risher. 
C.  H.  Farley,  M.  N.  Rich,  William  Sen- 

ter. 
Rev.  Dr.  George  H.  Atkinson,  E.  H. 

Page,  George  H.  Himes. 
John  Siddons,  H.  S.  Hebard,  George 

Schofleld. 
Dr.  G.  W.  Barnes,  Dr.H.  W.  Gould,  a  J. 

Fox. 
J.  O.   Moss,  C.  N.  Ryan,  R.  B.  Hubbard. 

William  L.  Merry,  Jacob  8.  Tabor,  W. 

W.Dodge. 
C.BL  Hoist,  A.  L.  Hartridge,  J.  J.  Wilder. 

H.  R.  Johnston,  R.  E.  Jaoobs,  Henry  Floz^ 

sheim. 
M.  M.  McKeen,  C.  L.  Osse,  H.  B.  Jenk- 
ins, James  R  Blythe,  J.  P.  Burdean,  R. 

B.  M.  Bain,  F.  E.  KauAnan. 
R.  B.  Whittemore.  Henry  Dureker,  Chas. 

Bienonstock,  William  Mathews,  C.  A. 

Lawton,  C.  W.  Simmons. 
Daniel  Evans,  Anthony  Ittnce,  F.  C.  P. 

Feedermann,  Thomas  Rioh,Thomas  F. 

Hayden. 
R.  O.  Sweeney,  Rev.  David  Breed,  M.  N. 

Kellog. 
W.  T.  Osrrington,  Frank  L  Young,  W. 

Cummings. 
Thomas  Mount,  Dr.  O.  W.  Howard,  J.  D. 

Tinney. 
F.  W.  Kerchner,  George  Harriss,  William 

L.  DeRoaset. 
J.  C.  MoVay,  chairman,  president  First 

National  Bank;  A.  W.  Barber,  H.  G. 

aark. 


APPENDIX    12. 

ANNUAL  REPORT  OF  THE  OFFICER  IN  CHARGE  OF  THE  STATIONS  DI- 
VISION 

Signal  Office,  War  Dbpastmxnt, 

WaMnffton  CU9,  Jtme  30, 1886. 

Sib:  I  have  the  honor  to  sabmit  the  following  report  on  the  work  of  the  Stations  Di- 
vision daring  the  year  ending  this  d^: 

Owing  to  the  extension  of  the  Tarions  branches  under  the  Bai>ervision  of  the  Stations 
Division,  the  importance  and  amount  of  the  work  accomplished  during  this  year  have 
been  in  excess  of  that  in  any  previous  year. 

The  routine  duties  in  the  several  subdivisions  have  been  carefully  and  accurately  per- 
formed and,  notwithstanding  that  the  clerical  force  has  been  reduced  by  four  men,  owing 
to  the  untiring  peiseveranoe  of  the  men  on  duty  in  the  division  everything  has  been  kept 
up,  and  the  routine  worl^is  fhirly  well  up  to  date. 

So  many  requests  for  meteorological  data  have  been  received  from  boards  of  trade,  cot^ 
ton  exchanges,  corporations,  and  from  other  bureaus  of  the  Government  and  the  Missis- 
sippi Biver  Commission,  as  well  as  for  use  in  oourt^  fbr  publication,  &c.,  &c.,  that,  had  all 
applications  been  fisivorably  acted  upon,  at  least  ten  clerks  would  have  been  kept  constantly 
occupied  in  compiling  the  information  from  the  records  at  this  office.  Consequently 
many  persons  had  to  be  refused,  and  yet  during  the  year  the  time  oonsnmed  in  pv^ai^ 
ing  data  for  purposes  not  connected  with  the  Signal  Service  was  equal  to  the  work  of 
one  clerk  for  three  hundred  and  fifty-five  days. 

The  river  system  has  been  enlaiged,  and  new  points  of  observation  established  at  plaees 
selected  by  those  most  interested  in  river  navigation,  and  reports  of  sudden  rises  and  floods 
have  been  telegraphed  and  spread  broadcast  over  the  area  likely  to  be  overflowed  or 
damaged  in  any  way  by  high  water.  Much  more  could  have  been  done  in  this  direction 
if  sufl^ient  means  for  the  purpose  had  been  at  the  disposal  of  the  Service. 

Many  river-gauges  have  been  erected  and  replaced,  but  I  regret  to  say  that  many  others 
could  not'  be  given  the  attention  their  importance  demanded,  owing  to  the  fact  tbait  the 
appropriation  was  insufficient.  River  observations  are  now  taken  at  95  regular  and  spe- 
cial  stations. 

The  appropriation  for  this  service  for  the  fiscal  year  ending  June  30, 1886,  was  not  suf- 
ficient to  meet  all  the  needs  of  this  branch  of  the  service  during  that  year,  but  In  spite  of 
this,  valuable  warnings  were  given  to  all  flood- threatened  districts,  and,  as  a  result,  a  vast 
amount  of  property  was  saved. 

This  work  has  proven  to  be  of  great  value  to  the  people  living  near  our  great  rivers, 
and  its  extension  to  the  smaller  streams  of  the  country,  particularly  on  the  Gulf  and 
Atlantic  seaboardSf  is  loudly  demanded  by  the  people  who  have  suflered  from  floods  in 
those  districts;  but  this  is  utterly  impracticable  without  increased  appropriations. 

The  cotton  service  has  been  continued  as  heretofore,  but  here  again  lack  of  money  has 
<9iused  serious  embarrassment  and  prevented  any  great  enkwgement  of  the  system.  The 
period  of  observations  had  to  be  shortened  ten  days  in  order  to  provide  for  the  payment 
•of  the  special  ob8erven&  Petitions  and  mem/onials  from  cotton  exchanges,  bowrds  of 
trade,  &c.,  and  prominent  business  men.  asking  for  the  extension  of  this  service  on  a 
basis  of  two  hundred  and  fifty  stations  (payment  by  the  United  States  of  telegr^hic 
tons  and  compensation  of  observers  at  50  cents  per  day)  have  been  reoei'ved  imd  esti- 
mates in  accordance  with  these  recommendations  submitted,  but  it  is  doubtful  whether 
•Congress  will  allow  any  incxease.  One  hundred  and  fifty-five  stations  are  now  taking 
4Hid  telegraphing  these  reports  over  the  telegraph  lines  of  railroads,  who  give  this  serv- 
ice free  of  charge  to  the  Government;  but,  whUe  the  establishment  and  maintenance  of 
the  cotton-region  reports  has  given  very  valuable  information  to  the  people  engaged  in 
the  cotton  trade,  it  has  also  taught  them  how  much  more  valuable  ih»  results  would  be 
If  more  reliable  and  complete  data  could  be  obtained.  Any  increase  is,  however,  im- 
possible without  largely  increased  appropriations,  so  that,  by  paying  for  taking  tlie  ob- 
servations and  for  the  telegraphic  service,  reliability  and  promptness  would  ne  made 
certain. 
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The  system  of  cautionary  wind  signals  has  received  much  attention  this  year,  and  it 
has  been  changed  and  greatly  improved.  While  the  new  signal  displays  are  yet  only 
tentative,  observers  and  shipping  men  generally  agree  that  great  advanta^,  unknown 
to  the  old  style,  will  accrue  from  the  new.  The  display  of  cautionary  wind  slgnaU  is 
now  made  at  one  hundred  and  sixteen  points  on  the  seaboard  and  great  lakes. 

The  weather  and  temperature  display  inaugurated  last  year  has  met  with  marked 
success  and  seems  to  meet  the  popular  wants  in  every  way.  The  display  is  now  made 
in  three  hundred  and  fifteen  cities  and  towns  in  the  United  States.  At  least  an  equal 
number  of  places  have  applied  for  the  daily  weather  predictions,  whic^  could  not  be 
furnished  for  the  reason  that  this  office  had  no  money  at  its  disposal  to  pay  for  the  tele- 
grams. At  all  places  where  these  signals  are  displayed  the  flags  are  purchased  from  pri- 
vate ftmds  sabseribed  fi>r  the  porpoae.  It  is  estimated  that  several  millions  of  people 
have  been  directly  benefited  during  the  year  by  the  display  of  these  daily  forecasts. 
This  office  has  received  over  fifteen  hundred  communications  on  the  subject,  all  of  which 
testified  to  theix  ereat  value  to  the  general  public. ' 

In  addition  to  the  three  hundred  and  fifteen  towns  to  which  the  messages  are  sent  there 
is  a  vast  number  of  villages  and  cities  that  receive  this  information  through  the  medium 
of  the  press,  the  railroads,  and  the  telejxhone  companies,  manv  of  whom  post  indications 
daily  at  their  stations.  In  many  cases  also  the  mails  are  used  to  transmit  this  informa- 
tion. 

The  cold-wave  signal  system  has  continued  to  grow  in  public  favor,  and  many  and 
favorable  comments  have  been  made  by  those  whose  property  has  been  saved  by  the 
timely  warnings.  Bo  flattering  have  been  the  reports  on  this  subject,  so  great  the  value 
of  the  property  saved  by  them,  and  so  numerous  have  been  tl^  requests  for  these  warn- 
ings of  approaching  cold  weather,  that  the  office  cannot  but  ocmsider  the  cold- wave  sys- 
tem as  one  of  the  most  important  acynncts  of  the  Signal  Service.  Two  himdred  and 
eighty-nine  cities  and  towns  now  receive  the  benefit  of  these  warnings,  and  as  the  press, 
the  railroad,  telegraph,  and  telephone  companies  distribate  these  w«mingB»  it  is  esti- 
mated that  at  least  liAeen  millions  of  people  have  received  and  been  benefited  by  them. 

Appendices  (consisting  of  valuable  meteorological  tables  and  reports)  are  in  course  of 
preparation  for  the  annual  report,  none  of  which  could  be  omitted  without  ii^ustice  to 
the  service. 

In  the  face  of  reduced  appropriations,  which,  if  continued,  threaten  in  the  near  future 
to  badly  cripple  this  service,  its  field  of  usefhlness  has  ocmstantly  widened  and  its  work 
incressed  day  by  day  until  it  stands  at  present  the  only  institution  of  its  kind  in  the 
world  tiiat  by  its  work  saves  to  the  people  who  receive  its  benefits  annually  mora  than 
its  cost  to  the  Government  a  hundred-fold.  The  vast  commercial,  shipping,  and  acri- 
cnltund  interests  of  this  country  demand  that  its  scope  be  /peatly  enlai^d;  and  to  this 
is  added  the  voice  of  humanity,  for  its  work  often  xesulta  lu  the  saving  of  human  life. 
Very  respectfuUy,  your  obedient  servant, 

F.  R.  BAY, 
Second  Lieuiew^^   9<pnal  Corps,  U,  8.  Army, 

The  Chief  Signal  Offices  of  the  Abmy, 

Washrnffton,  D.  r 


APPENDIX  13. 

ANNUAL  REPORT  OF  THE  OFFICER  IN  CHARGE  OF  THE  TELEGRAPH  PI- 
VISION. 

The  regular  tri-daily  cipher  weather  reports  were  received  during  the  year  OTer  the 
wiresof  the  WeRtem  Union,  International  Ocean,  Florida,  Gnlf  Ooast,  and  NorthweBtern 
Telegraph  Ck>mpanies. 

Oneinillion  seven  hundred  and  fleventy-fiye  thousand  cipher  words  of  weather  reports 
were  received  at,  and  sent  from,  this  office  during  the  year.  Eighty  thousand  five  hun- 
dred and  ninety  telegrams  other  than  weather  reports  were  sent  and  received  during  the 
same  i)eriod. 

UKITED  STATES  HILITABY  TELEGRAPH  LIKES. 

There  were  in  operation  at  the  beginning  of  the  year  2,781  miles  of  military  telegraph 
lines  under  the  control  of  the  Chief  Signal  Officer,  with  aeven^-eeven  offices  at,  or  in 
connection  with,  military  posts  on  the  frontier,  and  oi>erated  with  a  few  exceptions  by 
enlisted  men  of  the  Signal  Corps. 

These  lines  were  distributed  among  the  several  departments,  as  follows: 


Departinent  of  Dakota ......,.,« 

Department  of  the  MiMOurl « ^...^ 

Departmenta  of  the  Colombia  and  Oalifomia. 

Department  of  Arixona. 

Department  of  Tezaa. ^^. 

Department  of  the  Platte « 

Total 


Beslnning 
of  year. 


MOM, 


682 

sia 

BIO 

199 

85 


2,781 


End  of  year. 


ifilat. 


710 
S82 
444 
610 
lU 

as 


2,485 


No  new  lines  were  built  except  to  shorten  the  existing  line  connecting  Fort  Totten, 
Dak.,  with  the  commercial  wires.  In  this  case  a  line  7  miles  long  was  built  from  La- 
kota,  Dak.,  to  a  point  on  the  old  Larimore  line,  about  35  miles  from  Fort  Totten,  and 
the  line  east  of  that  point  abandoned  and  sold.  The  new  connection  was  completed  Oc- 
tober 20,  1885,  reducing  the  distance  from  the  post  to  the  transfer  office  to  42  miles, 
against  68  miles  by  the  old  route. 

The  line  between  Forts  Yates  and  Sully,  Dak.,  123  miles  long,  was  abandoned  during 
September,  1885,  and  sold  at  public  auction.  This  line  stood  in  need  of  extensive  re- 
pairs, which  its  small  value  to  military  interests  did  not  justify  the  expense  o^  aa  both 
posts  have  independent  telegraphic  outlets. 

It  having  been  found  impossible  to  maintain  the  long  span  across  the  Missouri  River 
between  Fort  Sully  and  Bennett,  Dak.,  and  there  being  in  the  opinion  of  the  Department 
Commander  no  urgent  necessity  for  maintaining  a  line  between  those  posts,  the  propo- 
sition to  build  a  new  crossing  and  make  other  necessary  changes  was  not  carried  into 
effect.    The  line  was  formally  abandoned  in  October,  1885,  and  sold  at  auction. 

The  abandonment  of  the  post  of  Fort  Lapwai,  Idaho,  by  the  military  forces  rendered 
the  further  maintenance  of  the  telegraph  line  from  that  post  to  Dayton,  Wash.,  unnec- 
essary. It  operation  was  discontinued  November  30, 1885,  and  the  line  sold  at  auction 
January  16,  1886. 

The  last  abandonment  of  lines  during  the  year  was  made  June  30,  1886,  when  the  op- 
eration of  the  line  between  Fort  Stockton  and  Davis,  Tex.,  was  discontinued  in  ccmae- 
quence  of  the  abandonment  of  the  post  of  Fort  Stockton.  The  iron  poles  in  use  on  that 
section  will  be  recovered  and  the  remaining  material  sold  at  auction. 
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To  from  up:  There  were  in  operation  at  the  begmning  of  the  year  2,781  milee  of  line; 
new  lines  boilt  daring  the  year,  7  miles;  abandoned,  303  miles;  leaving  2,4S5  miles  in 
operation  at  the  present  date. 
The  following  is  a  brief  description  of  the  lines  in  the  several  departments : 
D^artment  o/  Dahlia, — The  lines  are  operated  as  detached  sections  under  the  snper- 
▼ialon  of  the  chief  opezatora.  The  Biamarck  section,  55  miles  long,  aflfords  telegraphic 
commnnica^on  with  Forts  Abraham  Lincoln  and  Yates.  It  is  in  good  condition  and  has 
worked  with  a  total  intemiption  of  bnt  nine  days  for  the  entire  yeat. 

The  Fort  Maginnis  section,  367  miles,  extends  from  Glendive,  Mont.,  to  Fort  Magin- 
nis,  via  Fort  Buford  and  camp  on  Poplar  River.  The  line  has  worked  remarkably  well, 
considering  the  rongh  and  desolate  country  through  which  most  of  it  passes,  and  the 
great  length  of  the  repair  sections.  A  few  new  poles  and  the  resetting  of  some  old  ones 
will  keep  this  section  in  good  condition  for  another  year. 

The  Fort  Assinaboine  section,  208  miles,  connects  ?orts  Assinaboine,  Benton,  and 
Shaw  with  the  commerdal  lines  at  Helena,  and  is  much  employed  for  commercial  as 
well  as  military  bosiness.  The  total  interruption  due  to  brnks  and  other  causes 
amounted  to  twenty-nine  days  and  thirteen  hours  for  the  entire  year.  The  projected 
<»iistruction  of  railroads  and  private  lines  will  probably  lead  to  the  sale  of  this  section 
at  an  early  date. 

The  Fort  Custer,  Fort  Totten,  Fort  Sisseton,  and  Fort  Meade  sections  are  short  lines 
<9onnecting  each  post  with  the  nearest  commercial  office;  the  last-named  twoare  equipped 
with  telephones.    The  change  made  on  the  Fort  Totten  line  has  already  been  referred  to. 

DeparlmetUof  the  Mia8ouri, — The  several  detached  sections  in  this  department  are  as 
follows: 

The  Indian  Territory  section,  438  miles,- ex tends^rom  Dodge  City,  Eans.,  to  Henri- 
•etta,  Tex.,  and  furnishes  telegraphic  outlets  to  the  posts  at  Fort  Supply,  Fort  Elliott, 
Omtonment,  Fort  Reno,  and  Fort  Sill.  The  military  necessity  for  this  line  was  well 
illustrated  last  summer  during  the  Indian  and  cattle  troubles.  The  line  has  worked 
with  little  more  than  ordinary  interruptions — such  as  all  telegraph  lines  are  liable  to — 
and  as  it  has  an  outlet  at  each  end,  there  has  been  very  little  delay  of  business  on  ao- 
coont  of  breaks.  Very  extensive  repairs  were  made  to  the  entire  section  by  troops  from 
the  several  posts  under  the  supervision  of  the  general  repairman,  resulting  in  the  erec- 
tion of  a  large  number  of  iron  poles  in  the  place  of  the  wooden  ones,  and  the  construc- 
tion of  more  durable  spans  across  rivers.  It  is  proposed  to  gradually  replace  all  wooden 
poles  with  iron  ones  on  this  section.  The  greater  part  of  the  line  in  Kansas  runs 
through  lands  which  have  been  fenced  in  during  late  years,  and  it  will  be  necessary  to 
move  the  line  so  it  can  be  patrolled  without  difficulty. 

The  Fort  Stanton  section,  108  miles,  is  in  excellent  repair,  and,  with  the  exception  of 
26  mUes,  built  entirely  of  iron  poles.  About  six  hundred  of  the  latter  were  put  in  dur- 
ing the  past  year,  and  the  whole  section  received  general  repairs  on  two  occasions.  Most 
of  the  remaining  wooden  poles  are  of  good  quality  cedar,  and  will  last  some  time  lon^r. 
Iron  poles  will  eventually  be  used  on  the  whole  section.  The  total  number  of  days  on 
which  the  line  wad  interrupted  from  all  causes  was  nineteen. 

The  Fort  Bridge  section,  10  miles,  was  entirely  rebuilt  with  iron  poles  during  No- 
Tember,  1885,  and  is  in  excellent  condition. 

The  Fort  Union,  Fort  Wingate,  Fort  Lewis,  and  Unoompahgre  sections  are  short  lines, 
some  of  them  equipped  with  telephones,  and  connect  these  posts  with  the  nearest  rail- 
soad  telegiaph  offices.  No  commercial  business  is  carried  over  these  lines,  and  their 
local  management  is  in  the  hands  of  the  post  commanders. 

DtpartmetU  of  the  Columbia  and  On/t/omui.-— The  lines  in  these  departments,  excepting 
the  Spokane  Falls  section,  met  wiUi  frequent  interruptions  during  the  past  winter,  due 
partly  to  severe  storms  and  high  tides,  and  partly  to  the  manner  of  their  construction. 

The  Fort  Klamath  section,  233  miles,  extends  from  Ashland,  Oreg.,  via  Fort  Klamath, 
Oreg.,  to  Fort  Bid  well,  Cal.,  and  for  a  distance  of  138  miles  runs  thicough  a  densely  tim- 
herni,  mountainous  country,  where  the  wire  had  to  be  strung  on  trees  for  long  distanocA. 
Forest  fires,  high  winds,  and  falling  timber  cause  frequent  damage  to  the  line  and  make 
this  the  most  difficult  section  to  keep  in  repair.  Strong  details  firom  Forts  Klamath  and 
Bidwell  made  extensive  general  repairs  on  several  occasions  during  the  year,  but  nothing 
49onld  be  done  with  the  means  at  command  to  remove  the  natural  defects  and  obstacles 
of  a  line  through  such  a  country.  The  abandonment  of  Fort  Klamath  as  a  military 
post  on  June  30,  will  still  further  increase  the  difficulty  of  keeping  this  line  in  repair, 
hat  the  line  will  have  to  be  maintained  in  the  best  manner  possible,  as  it  furnishes  the 
only  outlet  for  Fort  Bidwell. 

The  Fort  Cnnby  section,  28  miles,  including  5  miles  of  cable,  worked  well  until 
Kovember,  when  the  line  on  the  Washington  Territory  side  of  the  Columbia  River  was 
almost  completely  wrecked  by  high  winds  and  washouts.  A  continuance  of  bad  weather 
during  the  winter  caused  many  interruptions,  principally  due  to  the  washing  away  of 
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the  beach  ne^ir  Scarboro  Head.     Work  is  now  in  progress  moving  that  part  of  the  line 
back  from  the  beach  and  oat  of  the  reach  of  storm  tides. 

The  Cape  Flattery  section,  80  miles,  extends  from  Port  Angeles,  Wash.,  to  Tntooeh  Isl- 
and, Wash. ,  a  cable  2  miles  long  connecting  the  island  with  the  mainland.  This  ]ine  also 
mns  through  a  densely-wooded  wilderness,  and  is  therefore  subject  to  many  inteirap- 
tions,  which,  howerer,  can  always  be  {Momptly  repaired  irom  the  intermediate  repair 
stations. 

The  Fort  Canby  and  Cape  Flattery  sections  are  of  great  valne  to  commercial  interest 
in  reporting  the  arrival  and  departure  of  vessels. 

TheSpokane  Falls  section,  91  miles  long,  connects  tiie  postsof  FortCosur  d' Alene,  Idaho, 
and  Fort  Spokane,  Wash.,  with  the  transfer  office  at  Spokane  Falls.  This  section  ha» 
worked  well  and  with  bat  very  few  intermptl<Mis,  and  is  generally  in  good  condition.  A 
huge  portion  of  the  line  west  of  Spokane  Falls  runs  throngh  fenced-in  lands,  which 
greatly  impedes  the  making  of  necessary  repiurs.  It  is  proposed  to  move  that  part  of 
the  line  so  as  to  follow  the  new  stage  road.  The  necessary  poles  aad  material  are  now 
being  collected  for  this  purpose. 

The  San  Francisco  harbcHr  line  and  cables  connect  the  division  headquarters  at  the 
Presidio  with  Alcatraz  and  Angel  Islands,  and  with  the  posts  of  Fort  Mason  and 
Fort  Winfield  Scott.  The  submarine  cable  between  the  Presidio  and  Alcatras  Island, 
which  on  December  31, 1884,  was  for  the  second  time  broken  by  a  ship^s  anchor,  was> 
reoovered  and  relaid  from  Fort  Mason  during  the  following  September,  a  want  of  fanda 
preventing  earlier  action.  At  the  same  time  the  surplus  cable  on  hand  was  laid  from 
Angel  Island  across  Raccoon  Strait  to  Point  Tibnron,  where  connection  was  made  with 
the  Western  Union  wires.  This  secured  a  second  means  of  communication  with  the 
islands.  On  March  26, 1886,  the  Alcatraz  cable  was  for'  the  third  time  broken  by  an 
anchor,  making  it  evident  that  a  direct  cable  between  Alcatraz  and  the  mainland  cannot 
be  maintained.  It  is  now  proposed  to  relay  this  cable  from  Fort  Winfield  Scott  to  Lime 
Point,  and  build  a  land  line  thence  to  Point  Tibnron,  thus  seoaring  direct  connection 
with  Angel  and  Alcatraz  Islands,  via  the  cables  from  Point  Tiburim  to  Angel  Island, 
and  from  the  latter  to  Alcatraz  I^and. 

Department  of  ArUiana. — Lieut.  R.  B.  Watkins,  Signal  Corps,  has  remained  in  charge 
of  the  lines  in  tlus  department  daring  the  year,  and  reports  that  all  sections  have  beea 
kept  in  ezoeptionably  good  ccmdition  at  a  very  small  expense,  and  that  the  department 
and  post-commandeis  are  entirely  satisfied  with  the  efficiency  of  the  military  tolegraph. 
Every  mile  of  line  on  both  the  Prescott  and  Fort  Apache  sections  was  gone  over  and  thor- 
oughly repaired  during  the  year.  More  than  800  iron  poles  and  400  wooden  poles  were 
erected,  and  hundreds  of  wooden  poles  reset. 

The  Fort  Apache  section  is  216  miles  long,  and  extends  from  Fort  Apache  to  Fort  Bowie* 
Ariz.,  with  offices  at  Fort  Thomas,  Sau  ObltIos  Agency,  Fort  Grant,  and  Willcox,  Ariz. 
Owing  to  the  great  military  importance  of  this  line  during  the  Apache  Indian  troubles,, 
the  department  commander  recommends  the  construction  of  an  additional  outlet  from 
Fort  Apache  to  Holbrook,  Ariz.  This  line  can.be  built  from  material  on  hand,  if  troops- 
can  cut  the  poles  and  do  the  other  necessary  labor. 

The  Prescott  section,  280  miles  long,  extends  from  Ash  Fork  to  Mwicopo,  Ariz.,  and 
affords  a  telegraphic  outlet,  at  either  end,  to  department  headquarters  at  Whipple  Bar- 
racks, and  to  Forts  Verde  and  McDowell. 

Both  sections  are  laigely  boilt  of  iron  poles,  and  are  in  excellent  condition. 

Two  short  teleph<Mie  lines,  operated  by  the  post  authorities,  connect  Forts  Lowell  and 
Huachuca  with  the  nearest  railroad  offices. 

Department  of  T^aapos.— The  two  sections  in  this  department  were  under  the  control  of 
the  chief  operalors  until  June  1, 1886,  when  Lieut.  L.  £.  Sebree,  Signal  Corps,  assumed 
charge  of  them. 

The  Brownsville  section,  100  miles,  extends  from  Rio  Grande  City,  along  the  Rio* 
Grande  River,  to  Brownsville,  Tex.,  and  connects  Fort  Brown  with  Fort  Ringgold,  and 
with  thesubposts  at  Edinbuiig  and  Santa  Mario.  This  line  is  almost  entirely  on  iron 
poles  and  has  worked  satisfactorily  during  the  year.  A  general  repair  party  will  give 
it  a  thoroogh  overhauling  during  the  present  summer. 

The  Fort  Davis  section,  up  to  June  30, 1886,  connected  Forts  Stockton  and  Davis  with 
the  transfer  office  at  Morfi^  Tex. ,  a  total  distance  of  97  miles.  The  abandonment  of  the 
line  from  Fort  Stockton  to  Fort  Davis  on  June  30,  already  referred  to,  reduces  the  length 
of  this  section  to  22  mUes,  all  of  which  is  on  iron  poles  and  in  excellent  condition. 

A  short  line,  operated  by  a  Signal  Corps  man,  connects  department  headquarters  with 
the  Western  Union  office  at  San  Antonio. 

Department  of  the  Plafte, — The  line  from  Fort  Robinson,  Nebr.,  to  Fort  Laramie,  Wyo. » 
is  the  only  military  line  in  this  department  that  is  operated  by  the  Signal  Service. 
It  is  in  excellent  condition  and  has  worked  throughout  the  year  with  but  very  few  inter- 
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mptiomi.  The  completion  of  the  railroad  wires  to  and  beyond  Fort  Robinson  will  per- 
mit of  tlie  abandonment  of  this  section  at  an  early  date. 

Mention  was  made  in  tlie  last  aannal  report  of  the  proposed  eonstmction  of  two  new 
lines  of  telegraph  during  the  coming  fiscal  year,  viz. :  From  Fort  Gaston,  CaL,  to  Mad 
River,  Gal. ;  and  ftom  Fort  Halledc  to  Halleok  Station,  Nev. ;  bnt  Congress  having  fldled 
to  appropriate  the  money  for  this  purpose,  no  aetion  ean  be  taken  at  present 

The  total  receipts  Drorn  tolls  for  commercial  messages  transmitted  over  the  milltarT 
telegmph  lines,  daring  the  year  amoonted  to  $13,203.81 ;  in  addition  $82,394.31  was  col- 
lected at  military  of£es  for  tolls  due  the  connecting  commercial  lines. 

THS  SEA-COAST  TELEGBAPH  LINES. 

Owing  to  the  very  small  appropriation  available  during  the  year  for  the  sea-coast  lines, 
nothing  oonld  be  done  towards  rebnilding  those  sections  on  the  New  Jersey  and  North 
Carolina  coasts  which  had  become  nnservioeable  from  age  and  other  causes.  The  lines 
between  Cape  Henlopen,  Del.,  and  Chlncoteogae,  Ta.;  Norfolk,  Ya.,  and  Kitty  Hawk, 
N.  C,  and  between  Wilmington  and  Smithville,  N.  C,  were  maintained  in  opera- 
tion thron^ont  the  year.  Direct  communication  between  Kittv  Hawk  and  Wilming- 
ton Imd  fdready  ceased  since  March  3,  1885,  owing  to  a  br^ik  in  the  Hatteras  cable, 
and  during  Apnl,  1888,  the  nmir  of  the  land  lines  between  those  points  had  also  to  be 
suspended  for  want  of  fhnds.  The  Great  £^  Harbor  (N.  J. )  cable  broke  on  September  5, 
1885,  disrupting  communication  between  the  two  most  important  offices  on  that  line, 
and  as  there  was  no  money  to  make  repairs,  the  entire  line  from  Bamegat  City  to  Cape 
May,  N.  J.,  was  provisionally  turned  over  to  the  Life-Saving  Service  for  use  as  a  tele- 
phone line. 

The  Block  Island  cable  broke  October  14,  1885,  and  although  an  urgent  deficiency  ap- 
propriation of  $5,000  was  made  by  CoQgress  to  repair  it,  its  condition  was  found  to  bo 
such  that  nothing  short  of  a  new  cable  can  restore  communication. 

The  only  addition  to  the  sea-coast  lines  during  the  year  was  the  construction  of  a  line 
of  telegraph  and  submarine  cables  connecting  the  island  of  Nantucket  with  the  mainland 
via  Martha's  Vineyard.  The  cables,  23  miles  in  length,  wero  laid  in  November,  1885, 
and  the  land  lines  completed  on  April  30,  1886.  Galvanized  iron  poles  wero  used  for  the 
lifter,  and  a  double  wire  was  strung  on  both  islands  to  permit  communication  by  tele- 
phone as  well  as  by  I^orse  instruments.    The  total  length  of  line  and  cables  is  61  miles. 

KEPOBT  ON  FROST  WARNINGS. 

Annual  report  of  telegraph  division,  1889-'S&. 

The  system  of  special  frost  warnings  fbr  the  benefit  of  tobacco,  cranberry,  sugar,  and 
fruit  growing  districts  was  continued  in  operation  as  oiganized  in  1682. 

Upon  the  urgent  application  of  cranberry  growers  a  new  district  was  added,  with 
Milwaukee  as  the  center  of  distribution,  covering  the  cranberry  marshes  in  the  central 
counties  of  Wisconsin,  where  some  10,000  acres  of  marshes  are  under  cultivation,  pro- 
ducing an  average  annual  crop  of  60,000  barrels,  valued  at  from  $7  to  $10  per  barrel. 

The  greatest  enemy  to  the  cranberry  plant  is  fhwt.  Various  methods  have  been  tried 
to  protect  the  plant,  but  the  only  succeesAil  one,  and  the  one  now  generally  applied  by 
all  the  large  growers,  is  to  flood  the  marshes  to  the  depth  of  several  inches  and  keep  the 
water  in  motion.  A  majority  of  the  cranberry  marshes  in  the  country  can  be  thus  pro- 
tected if  the  grower  has  from  ten  to  twelve  hours*  notice  of  approaching  Irost.  But  as- 
this  precaution  involves  more  or  less  expense,  trouble,  and  loss  of  time,  especially  dur- 
ing Uie  picking  season,  it  is  necessary  to  use  great  caution  in  making  frost  predictionafor 
the  benefit  of  this  industry.  An  unnecessary  alarm  may  also  exhaust  the  water  in  the 
reservoirs  which  would  be  needed  for  a  subsequent  occasion  of  real  danger.  The  largo 
producers  during  the  season  of  danger  keep  some  one  constantly  on  duty  at  the  sluices, 
who,  by  observing  the  temperature  and  noting  conditions  favorable  to  frost,  can  often 
anticipate  the  danger  by  flooding  the  meadows.  To  such  the  frost  warnings  issued  from 
this  office  are  of  special  value,  since  they  are  generally  in  advance  of  local  indications  of 
approaching  frost,  and  by  putting  the  grower  on  his  guard  cause  him  to  watch  his  own 
instruments  more  closely  to  determine  whether  or  not  the  danger  is  imminent  for  his 
own  particular  locality. 

The  entire  frost- warning  system  now  embraces  t wen  ty-seven  centers  of  dbtribution  ta 
which  the  warnings  are  sent  from  this  office,  and  eight  hundred  and  twenty-two  frost 
stations  where  the  warnings  are  bulletined  and  otherwise  disseminated  as  soon  as  received 
from  the  centers.  With  the  ready  and  efficient  co-operation  of  the  railroad  and  telegraph 
companies  a  sfystem  of  telegraphic  circuits  has  been  established  for  each  center,  by  means 
of  which  the  warnings  can  be  distnbuted  with  the  least  possible  delay.    The  great 
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drawback  lies  in  the  fact  that  rapid  distribution  is  neoeasarily  limited  to  points  at  or 
near  telegraph  stations,  but  it  is  expected  that  with  the  growing  oig^niaation  of  State 
weather  services  a  more  general  distribution  of  £raet  warnings,  by  means  of  signals  or 
by  courier,  will  be  gradnslly  provided  for. 

The  tobaooo-growing  districts  to  which  warnings  are  sent  are  located  in  the  wesftecn 
half  of  Massachosetts,  the  State  of  Connecticut,  a  portion  of  SouUiem  New  York,  the 
eastern  half  of  Penn^ylTania,  Central  Maryland  and  Virginia,  the  western  halves  of  North 
Csiolina  and  Tennessee,  the  State  of  Kentucky,  Southern  Ohio  and  Indiana,  Eastern 
Missouri,  and  the  southern  part  of  Central  Wisconsin. 

Cranberry  interestB  are  protected  in  Central  Wisconsin,  in  Barnstable  Connfy,  Mas- 
sachusetts, and  along  the  Qimden  and  Atlantic  Railroad  in  New  Jersey. 

Impost  wamingB  for  the  benefit  of  sugar-growers  are  distributed  in  rx)uisiaDa  from  New 
Orleans  as  a  center,  and  the  fruit-growers  of  Florida  receive  wamuigs  from  Jacksonville 
and  Sanford.  Special  messages  are  also  sent  from  this  office  to  points  in  North  Carolina, 
South  Carolina,  Tennessee,  and  Texas. 

There  is  relatively  but  little  data  on  hand  in  the  telegraph  division  from  which  to 
determine  the  actual  amount  of  benefit  derived  from  these  warnings;  but  it  is  kndwn 
that  thcdr  great  usefblness  is  generally  acknowledged,  and  that  with  increased  fiicilities 
for  distribution  and  a  wider  knowledge  of  the  system  by  those  whom  it  seeks  to  benefit, 
their  value  to  the  farmer  and  planter  will  be  immense.  Subjoined  are  some  extracts 
ftom  letters  by  fruit,  cranberry,  and  tobacco  growers  received  during  the  year: 

From  Mr.  J.  £.  Ingraham,  president  of  the  South  Florida  Railroad  Company: 

'Through  your  kindness  in  sending  us  frost  warnings  and  weather  bulletins  last  win- 
ter, there  were  no  doubt  many  thousand  dollars*  worth  of  fruits  and  vegetables  saved 
that  would  otherwise  have  been  destroyed.  *  *  *  On  the  8th  instant  (January, 
1886),  thirty-six  hours  before  the  late  freeze,  we  had  a  telegram  from  you,  as  follows: 
'Decidedly  colder  freezing  weather  to-night  in  NorUiem  Florida,  Alabama,  and  Tennessee, 
with  a  severe  cold  wave  which  will  overspread  the  South  Atlantic  States  and  Florida 
during  Saturday,  and  on  Sunday  damaging  frosts  as  &r  south  as  Tampa  Bay' — ^which 
was  prompfly  bulletined  at  all  telegraph  stations  on  our  line.''    *    *    * 

From  Mr.  G.  R.  Morrison,  of  Tomah,  Wis. : 

**It  would  be  a  difficult  matter  to  determine  to  an  accurate  d^p:ee  the  benefits  derived 
from  the  frost  warnings  issued  to  cranberry  districts  last  season.  ''^  ''^  ''^  It  is  safe 
to  say  that  not  less  thui  10,000  barrels  of  berries  were  saved  during  the  season  by  growers 
being  able  to  know  when  frosts  would  occur.  A  failure  to  receive  notice  of  heavy  firost 
would  result  in  heavy  damage." 

From  Mr.  C.  L.  Waite,  of  Mather,  Wis. : 

«  «  «  (» Messrs.  Hoffiouin,  Brooks,  Janes,  and  others  say  that  the  Signal  Service 
report  was  undoubtedly  a  benefit.  Csumot  say  definitely  when  it  was  a  benefit^  but 
saved  their  entire  crops  at  several  different  times  last  year  from  heavy  frosts  (8,000 
barrels)."    *    ♦    * 

From  Mr.  C.  E.  Morgan,  Madison,  Wis. : 

*'The  warnings  proved  useful  on  my  marshes;  they  were  modified  by  our  hygrometers, 
which  we  found  a  great  aid  for  locality.  «  «  «  From  my  observation  and  consulta- 
tion with  growers  I  cannot  entertain  a  doubt  but  if  continued  tiie  service  will  become 
most  usefld  to  the  State. ' ' 

From  Mr.  A.  C.  Brooks,  of  Norway  Ridge,  Wis.: 

'  'The  frost  reports  were  of  great  vidue  to  the  cranberry  growers  of  this  locality.  Hav- 
ing the  report  of  the  frost  saved  my  entire  stock  of  crauMrries  last  season  (which  was 
2,100  barrels),  and  think  others  are  of  the  same  opinion." 

The  following  extract  from  a  letter  by  Mr.  A.  C.  Mills,  of  the  Millsonia  marsh,  dated 
Madison,  Wis.,  March  23,  1886,  Ulustrates  the  difficulty  of  making  frost  predictions  for 
a  district  so  as  to  cover  every  locality  in  the  district,  viz.: 

'*  The  frost  warnings  were  very  beneficial  where  parties  had  £au;ilities  for  fighting  frost 
In  my  own  case  the  predictions  did  not  come  true,  except  twice,  but  my  neighbors,  both 
southwest  and  northeast,  got  hurt  pretty  bad  three  or  K>ur  times,  I  presume  the  reason 
was  because  there  was  more  fog  at  my  place." 

From  Mr.  L.  G.  L.  Kniffen,  of  Milwaukee: 

**  We  received  the  frost  warnings  at  Lafayette,  Monroe  County,  regularly.  *  ♦  ♦ 
We  flooded  the  Kniffen  and  Stillwater  mardies  five  times  before  picking.  Three  limes 
there  were  inj  urions  frosts  when  warnings  were  sent  Of  the  severest  frost,  we  received  a 
warning  in  the  middle  of  the  wannest  aflemoon  of  the  fall,  when  by  our  judgment  we 
could  not  have  expected  fh>st  or  been  prepared.  In  this  case,  except  for  this  warning, 
we  might  have  lost  about  1,200  bushels  of  fine  cultivated  berries.  Mr.  Farrar,  of  La- 
fayette, had  a  large  amount  of  sorghum  cane  in  our  vicinity;  he  watched  the  signals 
and  smudged  his  cane  four  nights  to  save  it  The  last  time  the  signal  came  he  had 
burned  all  of  the  stumps  and  wood  gathered,  and  had  not  the  material  wherewith  to 
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protect  his  crop,  and  lost  it.    In  his  case  the  warnings  were  timely,  his  lack  of  piepoia- 
tion  bein^  the  only  difficolty.'' 

From  Mr.  6.  B.  Sacket,  of  Berlin,  Wis.: 

*'The  frost  warnings  were  of  great  valne  to  me  last  fall,  and  also  to  u  number  of  other 
cranberry  growers  in  this  Ticinity.  *  *  *  Twice  during  last  September  the  warn- 
ings were  Sie  means  of  my  saving  by  water  at  least  $10,000  to  $15,000  worth  of  cran- 
berries. «  *  *  Should  say  that  any  year  when  there  is  an  aveni^  crop  there  could 
Ije  saved  any  one  night  $100,000  to  $150,000  worth  of  cranberries  on  the  marshes  in  this 
Ticinity." 

From  Mr.  Polk  Prince,  of  Guthrie,  Ey. : 

*'  Tour  frost  warnings  are  quite  a  benefit  to  tobacco  raisers.  It  has  been  a  very  great 
li)enefit  to  us  this  fall;  got  notice  in  time  to  save  remnant  of  crop  from  frost. '' 

From  Mr.  F.  S.  AcUm»s,  Henderson,  Ky. : 

"The  frost  warnings  sent  to  this  place  have  been  correct  in  every  instance  this  season. 
They  are  of  special  importance  to  the  tobacco  interests  in  this  locality,  Henderson  being 
'the  center  and  market  of  one  of  the  largest  tobacco-growing  countries  in  the  world." 

From  Mr.  F.  J.  Garrott,  of  New  Providence,  Tenn. : 

"  I  was  able  by  your  frost  warnings  to  secure  all  my  crop  in  proper  time  without  dam- 
.age,  and  consider  them  valuable  to  the  farmer." 

The  above  represent  only  a  fewof  the  many  commendatory  reports  received  from  plan  t- 
-eiB  and  others  interested,  but  tiiey  sufficiently  indicate  the  vast  value  of  the  crops  that 
:are  protected  by  the  present  frost-warning  service,  limited,  as  it  is,  in  most  cases,  to  the 
immediate  vicinity  of  telegraph  stations.    The  expensesare  trifling  in  comparison,  being 
•confined  to  the  cost  of  the  telegrams  at  one-half  the  usual  Government  rates,  afld  to  that 
of  the  blanks  on  which  to  bulletin  the  warnings.    It  would  be  impracticable  for  this 
>  office  to  provide  for  a  distribution  of  the  warnings  beyond  the  telegraph  and  railroad 
•offices,  but  the  formation  of  local  organizations  for  this  purpose  should  be  encouraged. 
To  this  end  it  is  recommended  that  posters  be  prepared  and  widely  distributed,  explain- 
ing the  otject  of  the  frost  warnings  andthemanner  of  their  telegraphic  distribution,  and 
■nilging  upon  those  interested  the  importance  of  local  co-operation  in  our  efibrts  to  give 
them  the  widest  possible  dissemination.    A  judicious  distribution  of  Signal  Service 
Notes  No.  Ill,  "To  Foretell  Frost,"  especially  among  the  cranberry  growers,  is  also  rec- 
ommended.   These  notes  will  prove  a  most  valuable  adjunct  to  the  growers,  local  ob- 
laervations,  and  will  encourage  others  to  provide  themselves  with  hygrometers  as  a  means 
of  qualifying  the  general  pn^ictions  sent  from  this  office. 

Respectfully  submitted. 

F.  B.  DAY, 
Second  Lieutenant,  Siffnal  Oorp9,  U.  8.  Army, 

•OFncB  OF  Chief  Signal  Offigbb, 

/n/y  21, 1886. 


APPENDIX    Z4. 

ANNUAL  REPORT  OF  THE  PROPERTY  AND  DISRURSING  OFFICER, 

Signal  Oftxob,  War  Dxpabtmxnt, 

WiuikniqUm  OU9,  Jul9 1, 1886. 

Sib:  I  have  the  honor  to  sabmlt  the  following  statement  of  the  work  of  the  Pxoperty 
Biyision  for  the  fiscal  year  ending  Jane  30,  1886: 

PEBSONKEL. 

On  July  1, 1885,  as  per  S.  O.  Nos.  134  and  138,  A.  G.  O.,  1885,  I  relioTed  Gapt  S.  M» 
Mills  as  Property  and  Disbursing  Officer  of  the  Signal  S^rice. 

*  SALES  OP  HAP8. 

One  hundred  and  ninety-one  dollars  and  eighty-nine  cents  have  been  leoeiyed  during 
the  year  from  sales  of  maps  and  bulletins,  as  allowed  by  the  act  of  Congress  approved 
March  30,  1874,  section  287,  Revised  Statutes. 

PAY  ACCOUNTS  OF  THE  MEN. 

In  the  settlement  of  accounts  room,  the  pay  aooonnts  of  the  entire  corps  have  been  ex- 
amined and  prepared  for  settlement,  aggregating  15,830  accounts. 

Under  instructions  No.  7,  S.  O.,  16%,  Second  Lieut.  J.  C.  Walshe  was  detailed  as 
mustering  officer,  and  to  him  the  examination  and  preparation  for  settlement  of  the  pay 
accounts  of  the  corps  were  turned  over. 

OTHEB  ACCOUNTS  SETTLED. 

The  number  of  accounts  growing  out  of  the  disbursements  of  the  r^^lar  appro^iations 
expended  by  this  office,  settled  during  the  year,  has  been  7,152,  making  an  average  num- 
ber per  month  of  596  accounts.  This  was  caused  by  the  large  number  of  stations,  and 
the  character  of  the  accounts  incurred  at  each;  they  being  for  small  items  of  rent,  hire, 
&c,  which  required  monthly  or  quarterly  settlements. 

IMPKOVED  MODES. 

The  improved  modes  of  administering  the  duties  of  this  division  inaugurated  by  my 
predecessor  have  continued,  together  with  some  changes  made  during  the  year  in  order 
to  make  the  accounts  more  explicit  and  technically  correct. 

It  is  thought  that  the  accounts  now  made  up  and  rendered  will  be  satisfiictory  to  the 
accounting  officers  of  the  Treasury  Department,  and  stand  the  very  critical  scrutiny 
which  they  undergo. 

In  this  connection  I  would  state  that  no  report  has  been  received  ftom  the  Treasury 
Department  of  the  examination  of  the  accounts  of  Gapt  S.  M.  Mills,  my  predeeessor, 
since  March,  1834,  inclusive,  and  no  report  whatever  has  been  received  as  to  the  result 
of  the  exunination  of  my  accounts. 

Section  273  of  the  Revised  Statutes,  third  paragraph,  requires  the  Second  €k>mptn>ller 
to  report  to  the  SecretATj  of  War  the  official  forms  to  be  used  in  the  different  offices,  for 
disbursement  of  public  money  in  said  offices,  and  the  manner  and  form  of  keeping  and 
stating  accounts  of  the  i>ersons  employed  therein. 

The  Second  Comptroller,  so  far  as  this  office  is  concerned,  has  never  notified  to  us  the 
official  forms  to  be  used. 

HOW  PAYMSN1S  AXUS  MADE. 

One  of  the  reforms  instituted  by  my  predecessor  was  to  pay  all  vouchers  by  checks 
drawn  to  order,  and  in  no  case  to  bearer,  that  mode  being  considered  the  safest,  not  only 
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in  traosmittlDg  money,  bat  it  also  furnished  assoiances  that  the  money  reached  the  per- 
sons in  whose  names  the  checks  were  drawn  for  payment  The  plan  has  proved  emi- 
nently satisfactory. 

PCBCHASE  OF  INSTBUMBVTS  BY  PBITATE  PBBS0N8. 

The  advantages  afforded  to  obtain  greater  accuracy  by  having  instruments  compared 
with  oar  standirds,  ftyr  whieh  no  extra  chaige  is  made,  still  continues  to  induce  manjr 
private  persons,  institntions  of  learning,  &c.,  whose  volantary  work  is  of  great  bencdt 
to  this  service,  to  purchase  instruments  through  this  office,  and  during  the  year  there 
have  been  280  instruments  of  various  kinds  purchased,  representing  a  total  cost  of 
$1,907.25. 

These  txaosactioua  have  no  eonneetkm  with  the  public  ibnds  disbursed  by  me;  tliis 
oiBee  simply  aets  as  the  agent  of  the  nuoraiacturer. 

INSTBUMEKTS  FUBCHASED  FOB  OFFICIAL  USB  AND  IS8UBD. 

One  thousand  two  hundred  and  fifty-one  instruments  of  various  kinds  have  been 
poichased  during  the  year  for  the  use  of  this  service,  and  1859  instruments  have  been 
issued  since  last  report. 

AVEBAQB  COST  OF  MAINTAIKIXO  STATIONS  OF  OBSEBVATIOX. 

The  average  cost  of  maintaining  each  station  of  observation  daring  the  year,  induding 
the  cost  of  printing  stations  and  additional  cost  of  life-saving  stations,  but  exclusive  of 
the  cost  of  telegraph  service,  and  the  pay  and  aUowanees  of  the  men  on  duty  at  each,  has 
been  9283.88. 

COBBBSFOKDEKCE. 

The  total  number  of  letters  received  during  the  year  was  43,376,  an  increase  over  last 
year  of  4,422  letters. 

The  total  number  of  letters  sent  was  41,721,  and  the  total  number  of  indorsements 
3,044,  being  an  increase  of  letters  sent  of  8,725. 

Attention  is  invited  to  this  large  increase  of  correspondence,  which,  ss  it  represents  the 
labor  performed  in  this  division,  fldly  explains  why  I  have  on  sevml  occasions  made 
applieation  for  an  increase  in  the  clerical  Ibroe  of  the  division.  In  order  to  k^p  the 
vrork  up,  it  reqoires  a  constant  strain  upon  every  one  connected  with  the  division. 

SHIPMENTS. 

In  the  packing  and  shipping  room  there  were  14,672  distinct  shipments  made,  through 
the  Quartermaster's  Department,  by  mall  and  by  express,  with  but  few  losses. 

PAOEAOBB  BBOBIVBD. 

% 

There  were  leoeimd  daring  the  year  6,099  paoksges. 

uAcmwit^  saop. 

The  usual  quantity  of  work  has  been  done  in  the  machine  shop  in  the  manuftcture 
and  repair  of  meteorological  instrumentB  and  repairs  about  the  office. 

CABPEKTEB  SHOP. 

The  oaraenter  shop  has  been  kept  busy  in  making  the  neeessary  boxes  for  shipping 
supplies,  oc.,  and  jobbing  and  repairs  about  the  office. 

On  October  7,  1885,  this  office  made  request  for  7,000  feet  of  lumber  on  the  War  De- 
partaant,  to  be  paid  from  the  aiq[>ropriation  '* contingent  expenses."  This  estimate 
v?as  r«tomed  by  the  Secretary  of  War  wiUi  the  information  that,  as  the  lumber  was  to 
be  oaod  Ibr  packing  signal  property  for  shipment  to  the  various  stations  in  the  field,  the 
imprppriety  in  the  purchase  of  the  lumber  Ua  such  purpose  from  the  contingent  appro- 
priatlni  was  evident,  and  the  request  was  therefore  dist^proved. 

In  this  connection  a  letter  was  addressed  to  the  Secretary  of  War  on  October  26, 1685, 
invituig  his  attention  to  the  fact  that  in  estimating  for  the  appropriations  the  item  for 
lumber  was  included  in  that  for  contingent  expenses,  and  nowhere  else ;  it  being  con- 
aideted  that  as  the  material  would  be  used  here  and  made  up  into  boxes,  it  belonged 
properly  to  that  dass  of  expenditures.  The  deeision  of  the  Secretary  of  War,  however, 
that  it  was  not  a  proper  charge  against  the  appropriation  was  maintained,  and  conse- 
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quently  the  lumber  for  making  x>ackiiig-boxes  was  porchaeed  from  the  appropriatioi» 
''obaervation  and  report  of  storms." 

A  separate  estimate  for  this  item,  however,  was  sabmitted  for  the  fiscal  year  ending. 
Jane  30,  1887. 

LIBSABT. 

The  library  has  received  during  the  year,  by  purchase,  exchange,  or  gift,  797  von- 
umes,  and  now  contains  10,540  volumes. 

APPBOPBIATIOKS. 

The  condition  of  the  appropriations  (dxsbuned  by  this  office)  for  the  fiscal  year  end- 
ing June  30, 1886,  with  expenditures  theroonder^  and  bftUmces,  with  piobable  demand* 
on  such  balances,  aa  zequired  to  be  rendered  by  the  act  of  Congress  approved  May  1, 
1629,  is  as  follows: 

APFBOPBIATED. 

ObservaUon  and  report  of  storms.. ....... -.......•*. ...—.. $246,000  OO 

Sisnal Service 6,500  00* 

Maintenance  and  repair  of  military  telegraph  lines . . 24, 000  OO 

BXPEITDED. 

'  Observation  and  report  of  storms ........ • •      06,019  72: 

Signal  Service 2,611  32: 

Maintenance  and  repair  of  military  telegraph  lines.... ... 20, 263  63* 

BALANCES. 

Observation  and  report  of  storms . . .    149, 980  28 

Signal  Service 2,968  6& 

Maintenance  and  repair  of  military  telegraph  lines . • 3,736  47 

PBOBABLB  DSMAITDS. 

Observation  and  report  of  storms . ... 126, 080  28^ 

Signal  Service 2, 988  68 

Maintenance  and  repairs  of  milituy  telegmph  lines . 3, 736  AT 

The  amohnts  appropriated  under  the  different  heads  for  the  support  of  the  Signal 
Service,  United  States  Army,  for  the  fiscal  year  ending  June  30, 1886,  are  as  follows: 

Legislative,  executive,  and  Judicial: 

Regular  derks,  messengers,  do. .... ....^^ . .  $10, 660  00- 

Scientific  experts,  derks,  &o . .. 40,000  00- 

Postage  stamps,  postal  union  countries,  allotted  by  the  Seoetaky  of 

War 1,069  00 

Stationery,  allotted  by  the  Secretaiy  of  War 4, 108  00 

Rent  of  buildingii  for  Signal  Office . 7,600  00 

Contingent  expenses,  allotted  by  the  Secretazy  of  War.. ••.......  7, 417  49 

Total 70,764  49 

Sundry  dvil  expenses    observation  and  report  of  storms: 

ManufiMrtme^  purchase,  and  repair  of  instruments.. ... ......  10, 000  00 

Tdegraphing  reports •• .  138,000  W^ 

Expenses,  storm  signals ... ....... 11,000  00 

Cotton-bdt  reports 7,000  00 

Connection  life-saving  stations • • ....  1,600  00 

Instrument shdtezs... .... • 2,000  00 

Rents,  &C.,  of  offices  outside  of  Washington . ...  41,600  00 

River  and  flood  reports ......  10,000  00 

Maps  and  bulletins . . . 25,000  00 

Total 246,000  00 

Maintenance  and  repair  of  military  tdegraph  lines ... . 24, 000  00' 
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Fay,  ^bc.,  of  the  Signal  Corps: 

Fay  of  officers - (33,750  00 

Fay  of  enlisted  men - 200,151  61 

Mileage  to  offioeis 5,000  00 

Pby  of  contract  snigeons ™  1,200  00 

Commutation  of  quarters  to  officers • 7,200  00 

Total 247,301  51 

Sabaistence  Department: 

Subsistence  and  commutation  of  rations.  Signal  Corps 155,000  00 

Quartermaster's  Department: 
Regular  supplies: 

Fuel ^ _•„  6,200  00 

Commutation  of  fuel,  at  $9  per  month 23,760  00 

Commutation  of  Aiel,  at|8permonth 23,040  00 

Forage  for  mules  and  horses . 3,100  00 

Forage  for  officers' horses .1,495  00 

Stationery 100  00 

StoTcs,  and  repairs  to  heating  apparatus . ....  400  00 

Lights 150  00 

Straw  for  animals ...........  217  00 

Straw  for  officers'  horses 109  20 

Straw  for  bedding 67  20 

Total 58,638  40 

Incidental  expenses: 

Horse  and  mule  shoes . 500  OO 

Shoes  and  shoeing  officers'  horses 234  00> 

Blacksmiths'  and  other  tools  .— 300  00 

Veterinary  supplies ... 300  OO 

Fire  apparatus,  disinfectants,  &o . •• ...  200  00 

Office  furniture,  Fort  Myer — . . 100  00 

Total 1,634  00 

Interment  of  officers  and  men . 200  00- 

Apprehension  of  deserters ... . 120  00> 

Transportation: 

Materials  and  funds . 25,000  00 

Officers  and  men . . . . 8,875  Wk 

Means  of,  mules . 1,000  00 

Meansof,  harness  — ..-..- 130  00 

Means  of,  repoire  to • .... 500  00 

Total 35,505  00 

BarrackB  and  quarters: 

Commutation  of  quarters . .. . 84,108  00 

Work  and  supplies  at  Fort  Myer j... . 1, 500  00 

Total 85,608  00 

Clothing,  camp,  and  garrison  equipage:    ^ 

Six  wall-tents,  &c 73  89 

Issues inkind 2,800  00 

Total 2,873  89^ 

Medical  department: 

Medioal  attendance  and  medicines,  officers  and  men.  Signal  Corps 5, 000  00 

Medioal  attendance  and  medicines,  officers  with  Signal  Corps  .. 100  OO 

Medical  and  hoq[>ital  supplies,  Fort  Myer 700  OO 
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Medical  department — Continued. 

Medicines  from  depots,  &c— $1,000  00 

Materials,  repairs  to  hospital,  Fort  Myer ...        300  00 

Total 7,100  00 

Ordnance,  &c,  Fort  Myer 100  00 

Printing  and  binding  allotted  by  the  Secretary  of  War 14, 000  00 

Support  of  the  Army: 

Expenses  Signal  Service,  XJ.  S.  Army 5,500  00 

Grand  total _ 954,335  29 

CLERICAL  FOBCE. 

• 

On  July  1,  1835,  there  were  employed  in  this  division  67  men,  35  enli«ted  and  32 
civilian;  the  latter  including  messengers  and  laborers. 

On  June  30,  1886,  there  were  employed  in  this  division  69  men,  44  enlisted  and  25 
civilian;  the  latter  including  messengers  and  laborers. 

The  above  shows  an  increase  of  9  enlisted  men  and  a  decrease  of  7  civilians. 

TELEQBAPH  STATIONS. 

At  the  close  of  the  fiscal  year  ending  June  30, 1885,  there  were  74  talegn^ih  stations  in 
operation.  Thirteen  have  been  closed  during  the  year,  5  transferred  to  Lient.  L.  K 
Sebiee,  Signal  Corps,  XJ.  S.  A.,  and  5  added,  making  a  total  of  61  stations  in  operation 
June  30,  1886,  reporting  to  this  office. 

LIKE  BSCEIPTS. 

The  receipts  from  the  74  stations  during  the  year  were  121,258.48,  of  which  the  sum 
of  $10,094.06  was  collected  for  and  paid  to  other  lines.  This  latter  indodes  the  business 
done  up  to  and  including  March  31,  1886. 

On  March  12,  1836,  the  Secretary  of  War  rendered  a  decision  directing  that  instruc- 
tions be  issued  to  all  officers  or  others  receiving  private  messages  for  transmission  over 
private  lines  to  keep  all  receipts  for  such  messages,  and  to  render  accounts  therefor  sep- 
arate and  distinct  from  receipts  for  private  messages  over  Government  lines.  The  money 
thus  received  should  be  promptly  paid  to  the  proper  parties,  as  has  been  the  custom 
heretofore. 

FBEE  BUSINESS. 

The  money  value  of  free  business  (official  messages),  if  paid  for,  would  have  been  |12,- 
817.93. 

BEMABSS  ON  APPBOPBIATIONS. 

On  January  25,  1886,  the  Second  Comptroller  of  the  Treasuiy  Department  published 
n  memorandum  criticising  the  disbursements  in  the  Signal  Service,  which  led  to  an  in- 
vestigation of  the  matter,  and  the  Committee  on  Expenditures  in  the  War  Department, 
to  whom  the  subject  was  referred,  submitted  the  following: 

BEPOBT. 

[To  aooompany  House  Mis.  Doa  255.] 

2%«  OnnmiUee  on  Expenditures  in  the  War  Department^  under  a  resolution  passed  in  1886, 

beg  leave  to  submit  ikefoUowin^  re^rt : 

Your  committee  have  examined  many  witnesses  and  papers,  and  endeavoied  to  fully 
investigate  the  alleged  illegal  and  unauthorized  expenditure  of  certain  moneys  by  tiie 
Chief  of  the  Signal  Service. 

Tour  committee  find  that  this  branch  of  the  War  Department  was  created  for  the  pur- 
pose of  making  observations  of  storms  and  the  weather,  and  to  prepare  and  fiiti^Mi  the 
public  with  daily  AweoastB  of  the  same.  The  law  has  always  been  stleiit  as  to  tlie  sian- 
ner  of  conducting  the  details  of  the  opemtioos  in  this  branch  of  the  service,  and  the  leg- 
islation requiring  these  duties  is  and  has  been  so  meager  and  embnMaed  in  sttoh  general 
terms  that  many  disputes  have  arisen  in  construing  them. 
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We  find  that  the  Chief  Signal  Officer^  in  attempting  to  socare  the  object  of  this  law, 
U>-witf  ''to  famish  an  accurate  forecast  of  the  weather/'  it  became  necessary  for  this 
barean  tostndy  the  ooniaes  and  speed  of  storms,  to  ascertain  the  temperature  of  the  at- 
mosphere, and  make  observations  at  many  points.  To  do  this  signal  stations  were  re- 
quired, men  assigned  to  these  tasks,  reports  required  to  be  made  by  telegraph  to  the 
Chief  Signal  Officer,  and  from  these  data  forecasts  of  the  weather  made  up  and  sent  out 
over  the  country  for  the  information  of  the  people.  To  establish  and  put  in  motion  this 
ttystem  without  any  precedent  or  guide  was  no  small  task,  and  your  committee  are  unan- 
imously of  opinion  that,  whatever  construction  may  have  been  given  to  the  laws,  they 
were  made  in  good  fidth,  with  a  view  of  reaching  the  end  intended  by  Congress. 

While  your  committee  do  not  concur  in  the  constructions  givep  to  many  of  the 
statutes,  nor  does  your  committee  find  in  the  letter  of  the  law  authority  for  all  the  ex- 
penditures made,  and  while  we  are  of  opinion  that  proper  economy  has  not  always  been 
observed,  yet  we  are  unable  to  find  any  instance  where  there  was  a  corrupt  or  fraudu- 
lent misapplication  of  the  public  moneys,  excepting  certain  items  amounting  to  about 
$200,000  paid  out  under  the  immediate  orders  of  Captain  Howgate  while  he  was  acting 
as  disbursing  officer  of  the  Signal  Service.  Your  committee  find  the  Department  of 
Justice  has  taken  jurisdiction  over  all  these  matters,  and  has  instituted  ciyU.  and  crimi- 
nal proceedings  against  the  guilty  parties,  and  for  these  reasons  your  committee  decline 
to  take  cognizance  of  any  of  these  matters. 

Your  committee  are  of  opinion,  and  to  that  e^d  recommend,  that  additional  legisla- 
tion should  be  enacted  more  fully  defining  the  duties  and  prescribing  the  scope  of  this 
branch  of  the  public  service,  and  thus  prevent  extravagance  and  erroneous  constructions 
being  given  to  these  laws  in  the  future.  Especially  should  there  be  some  legislation 
more  definitely  specifying  the  manner  of  presenting  and  verifying  the  accounts  of  tJbis 
branch  of  the  public  service. 

We  herewith  accompany  this  report  with  the  testimony  taken  by  your  committee. 

(See  report  No.  2023,  H.  of  R.,  Forty-ninth  Congress,  first  session ;  also  Mis.  Doc. 
255,  H.  of  R.,  Forty-ninth  Congress,  first  session.) 

On  March  18, 1886,  the  following  letter  was  sent  to  the  Secretary  of  War : 

Signal  Office,  Wab  Depabtment, 

WashingUm  CUy,  March  18, 1886. 

SiB:  In  order  that  there  may  be  no  misunderstanding  of  the  scope  of  the  appropria- 
tions which  may  be  made  for  the  support  of  this  service  for  the  GacaX  year  ending  June 
30, 1887,  nor  that  anything  shall  be  left  to  construction,  I  have  the  honor  to  transmit 
herewith  statement  showing  the  items  covered  by  the  estimates  submitted  by  this  office 
under  the  titles  '^  Expenses  Signal  Service,  United  States  Army,*'  ''Observation  and  re- 

Sort  of  storms,''  and  "**  Construction,  maintenance,  and  repair  of  military  telegraph 
nes, ' '  with  the  request  that  the  same  may  be  forwarded  to  the  honorable  the  Speaker  ot 
the  House  of  Representatives,  for  use  of  the  Committee  on  Appropriations. 

In  regard  to  the  estimates  for  salaries,  stationery,  contingent  expenses,  rents,  postage, 
printing  and  binding,  pay,  subsistence,  regular  supplies,  incidental  expenses,  transporta- 
tion, barracks  and  quarters,  clothing,  camp  and  garrison  equipage,  meidical  department, 
and  ordnance  stores,  I  would  say  that  the  language  of  the  estimates  and  the  notes  ac- 
companying the  same  fully  explain  their  scope.  I  also  submit  herewith  a  list  of  sta- 
tions covert^  by  the  estimates  for  fhel  under  the  regular  supplies. 
I  am,  very  respectfully,  your  obedient  servant, 

W.  B.  HAZEN, 
Briff,  and  Bvi.  Maj,  GenH,  Chief  Signal  Officer,  U.  8.  Army. 
The  Secbetaby  of  Wab. 


SUUement  showing  the  Uems  covered  by  the  esHmales  aubnUUed  by  the  Signal  Office  for  ap- 

propriationa  for  theflactU  year  ending  June  30, 1887. 

B^mates  of  appropriatlooB  required  for  the  oervioe  of  the  flaoal  year  ending  June  30, 1887. 

OFFICE  OF  THE  CHIEF  SIGNAL  OFFIOSB. 

[Signal  Service,  page  98,  Ex.  Doc.  No.  5,  H.  R.,  Forty-ninth  Oongreas,  first  session.] 

Expenses  of  the  Signal  Service  of  the  Army,  as  follows: 

Purchase,  equipment,  and  repair  of  field  electric  telegraph:  This  covers  the  purchase 
of  wire  wagons,  lance  trucks,  and  battery  wagons;  wire,  kuices,  battery,  and  line  mate- 
rial and  supplies,  telegraph  instruments  and  apparatus,  crow-bars,  digging-bars;  repairs 
to  wire  wagons,  repairs  to  lance  trucks,  repairs  to  battery  wagons,  tools  for  repairs,  ma* 
Aerials  for  repairs,  &c. 
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Sigoal  equipmcuLs  and  stores:  This  covers  the  parchase  of  cans,  canteens  antl  straps, 
canvas  cases  and  straps,  india-rubber  caseSi  compasses  (magnetic),  fannels,  Hags  (sig- 
nal), haversacks,  lanterns,  s6issors,  dying-flame  shades,  foot-flame  shades,  flying  extin- 
gnishets,  foot  extinguishers,  jointed  stai&,  straps,  flying  torches,  foot  torches,  tweezers, 
wormers,  homographic  disks,  oil,  turpentine,  wicking,  matches,  wands,  flambeaux,  as- 
bestos, packing,  brass  castings,  brass  tubing,  and  for  the  expenses  (such  as  cages,  brace- 
lets, feed,  Sec. )  of  maintaining  the  carrier  pigeons  belonging  to  this  service  and  used  in 
experimental  tield  communications,  tools  for  mannfactareaad  repair  of  equipments,  &c 

Binocular  (or  marine)  glasses:  This  covers  the  purchase  and  repair  of  the  marine 
glasses,  purchase  of  material  for  repairs,  &c. 

Telescopes:  This  covers  the  purchase  and  repair  of  telescopes,  purchase  of  material  for 
repairs,  &c. 

Heliotropes:  This  covers  the  purchase  and  repair  of  heliotropes,  heliographs,  hello- 
telegraph  instruments,  including  all  neceasaiy  material  for  repairs,  such  as  mirrors, 
pouches,  brass,  <&c. 

Other  rec[uisite  instruments,  indudingabsolutelyneoeaBary  meteorological  instruments 
for  use  on  target  ranges:  This  covers  the  purchase  of  telegraph  instruments,  such  as  keys, 
sounders,  relays,  arresters,  &c.,  and  anemometers,  wind- vanes,  &c. 

Telephone  apparatus,  and  maintenance  of  same  at  military  posts:  This  covers  the  pur- 
chase or  rental  of  telephones  and  transmitters;  the  purchase  of  call-boxes;  the  parchase 
of  battery  supplies  and  material;  the  purchase  of  material  for  repairs  to  telephones, 
transmitters,  and  call-boxes,  &c. 

Tolls  over  Aqueduct  Bridge:  This  covers  the  use  of  the  Aqueduct  Bridge  for  the  sus- 
pension and  permanent  location  thereon  of  the  telegraph  wires  forming  the  Signal  Serv- 
ice lines  between  the  office  of  the  Chief  Signal  Officer  and  the  post  at-  Fort  Myer,  Vir- 
ginia. Tolls  payable  to  the  Alexandria  Ganal,  RaUroad  and  Bridge  Company,  under  an 
agreement  amounting  to  $500  per  annum. 

Edimcdcs  of  appropriations  required  for  the  service  of  ike  fiscal  year  ending  June  30,  1887, 

under  the  War  Department^  Signal  Service, 

Observation  and  report  of  storms:  Expenses  of  meteorological  observations  and  reports 
by  telegraph,  signal  or  otherwise,  announcing  the  probable  approach  and  force  of  storms, 
for  the  benefit  of  the  commerce  and  agriculture  of  the  United  States  (pp.  214-217,  Ex. 
Doc.  No.  5,  H.  U.,  Forty-ninth  Congress,  first  session). 

Manufacture,  purchase,  and  repair  of  meteorological  instruments  and  expenses  (mov- 
iug,  &c.)  in  connection  therewith:  This  covers  the  manufacture  or  purchase  of  anemom- 
eters, anemescopes,  barometers,  aneroid  barometers,  blow-pipes,  bottles,  meteorological- 
tool  boxes,  whirling  apparatus,  porcelain  cups,  files,  forceps,  funnels,  screw-drivers,  scissors, 
bellows,  hygrometer  boards,  eye-glasses  and  cases,  regulator  clocks,  alarm-clocks,  marine 
clocks,  compasses,  hygrometer  cups,  quicksand  cylinders,  cord  for  water  thermometers, 
faucets,  gauntlets,  rain-gauges,  snow-gauges,  gimlets,  sand-glasses,  greasers,  artists'  leads, 
mercury,  oilers,  clock-oil,  telescopic  anemometer  rods,  anemometer  supports,  retorts, 
self-registers  for  anemometers,  self-registers  for  anemometers  r  and  anemescopes,  rain- 
gauge  supports,  spatulas,  exposed  thermometers,  maxium  thermometers,  minimum  ther- 
mometers, hygrometer  thermometers,  water  thermometers,  cases  for  water  thermometers, 
tin  thermometer  testers,  barometer  tubes,  test-tubes,  photographic  apparatus  and  sup- 
plies, &c,  all  necessary  tools  and  materials  for  repairs  of  instruments,  labor  and  material 
and  expenses  of  erecting  and  putting  instruments  in  place  at  stations  where  they  are  to  be 
used;  expeases  of  moving  and  handling  instruments,  chemicals,  ice,  &c,  for  testing  in- 
struments, cotton,  cloth  and  boxes  for  packing  and  shipping  instruments,  expenses  of  ex- 
periment and  study  in  connection  with  instruments,  includLng  the  expenses  of  maintain- 
ing a  physicTwl  laboratory,  at  the  office  of  the  Chief  Signal  Officer. 

Telegraphing  reports,  messages,  and  other  information  in  connection  with  the  observa- 
tion and  report  of  storms,  &c. :  This  covers  telegrams  in  cipher  at  rates  fixed  by  the 
Chief  Signal  Officer,  as  allowed  by  the  Postmaster-General's  circulars,  sent  from  any 
station  of  this  service,  taking  meteorological  observations  or  received  thereat  (Washing- 
ton, p.  C,  being  such  a  station);  special  messages  relating  directly  and  exclusively  to 
the  cipher  reports,  although  themselves  not  in  cipher,  sent  fh>i^  any  station  of  this  ser- 
vice, taking  meteorological  observations  or  received  thereat;  messages  on  the  adminis- 
trative aflairs  of  the  service — that  is,  regarding  the  duties  of  the  enlisted  men  and 
civilian  employes  of  the  service,  on  stations  where  the  exigencies  of  the  service  requires 
this  mode  of  communication.  In  fact,  this  estimate  is  intended  to  cover  the  expense  of 
any  and  all  chai^g^  for  telegraphing  or  telephoning  necessary  in  canying  out  efficiently 
all  the  appropriations  of  this  service,  and  including  river  reports,  cautionaiT  displays, 
cold- wave  reports,  flood  reports,  cotton-region  reports,  hurricane  reports,  ic,  where 
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such  inforiuation  has  to  be  telegraphed,  &c    The  accoants  to  be  settled  and  acyasted 
by  the  disbursiog  officer  of  the  Signal  Service. 

Maintaining  telegraph  stations  at  Jacksonville,  and  mouth  of  Saint  John's  River, 
Florida:  This  covers  the  rent  of  a  telegraph  office  at  Jacksonville,  Fla.,  needed  in  t^e 
relaying  of  weather  reports  in  that  vicinity. 

Telephones,  and  maintenance  of  same  in  offices  maintained  /or  public  use  in  cities  and 
places  receiving  reports  outside  of  Washington,  D.  C,  including  exchjuige  service  in  the 
office  of  the  Chief  Signal  Officer  of  the  Army:  This  covers  the  purchase  or  rental  of 
telephones  or  exchange  service  in  the  principal  cities,  where  stations  of  observation  are 
located,  as  well  as  similar  service  in  the  city  of  Washington. 

£xx)cuscs  of  storm,  cautionary,  off-shore,  cold-wave,  railway-train,  and  other  signals 
on  the  sea,  lake,  and  Gulf  coasts  of  the  United  States  and  the  iifterior,  announcing  the 
probable  approach  and  force  of  storms,  indading  pay  of  observers,  services  of  operators, 
lanterns,  ILo^,  &c. :  This  covers  the  pay  of  cautionary  observers  (or  displaymen)  and 
operators  at  the  following  or  such  other  stations  as  may  be  deemed  necessary  by  tiie  Sec- 
retary of  War:  Ahnapee,  Wis.;  Ashtabula,  Ohio;  Bass  River  Light,  Mass.;  Bath,  Me.; 
Bay  C^ty^  Mich. ;  Booth  Bay,  Me. ;  Bristol,  R.  I. ;  Brunswick,  Ga. ;  Cape  Vincent,  N.  Y. ; 
Charlevoix,  Mich. ;  Charlotte,  N.  Y. ;  Cheboygan,  Mich. ;  Monroe,  Fort,  Va. ;  Montague, 
Mich. ;  Morgan,  Fort,  Ala. ;  Muskegon,  Mich. ;  New  Bedford,  Mass. ;  Newburyport,  Mass. ; 
New  Haven  Light,  Conn. ;  Newport,  R.  I.;  North  Fair  Haven,  N.  Y.;  Northport,  Mich.; 
Petoskey,  Mich.;  Pentwater,  Mich,;  City  Island,  N.  Y.;  Corpus  Christi,  Tex.;  Dunkirk, 
N.  Y. ;  East  Tawos,  Mich. ;  Elk  liapids,  Mich. ;  Fall  River,  Mass. ;  Femandina,  Flo. ; 
Fort  George  Island,  Fla. ;  Frankfort,  Mich. ;  Gloucester,  Mass. ;  Green  Bay,  Wis. ;  High- 
land Light,  Mass. ;  Hyanuis,  Mo^. ;  Kenosha,  Wis. ;  Kewaunee,  Wis. ;  Ludington,  Mich. ; 
Manistee,  Mich. ;  Manitowoc,  Wis. ;  Marblehead,  Mass. ;  Menominee,  Mich. ;  Point  Ju- 
cUth,  R.  I. ;  Port  Eads,  I^. ;  I'ort  Royal,  S.  C. ;  Portsmouth,  N.  H. ;  Provincetown,  Mass. ; 
liacine,  Wis. ;  Rockland,  Me. ;  Saint  Augustine,  Fla. ;  Saint  Joseph,  Mich. ;  Sand  Beach, 
I^lich. ;  Sand  Key  Light,  Florida;  Sheboygan,  Wis. ;  Southeast  Light,  R.  I.  (Block  Island) ; 
South  Haven,  Mich.;  Southwest  Harbor,  Me,;  Stonington,  Conn. ;  Sturgeon  Bay, 'Wis.; 
Traverse  City,  Mich. ;  Tybce  Island,  Ga. ;  Wood's  Holl,  Mass. ;  station  on  Martha's  Vine- 
yard Island;  station  on  Nantucket  Island.  The  purchase  of  international  code -signal 
books,  Piddington's  horn  books,  maritime  registers,  nautical  gazettes,  cautionary-signal 
boards,  oil,  oil-cans,  Coston  lights,  cautionary  flags,  off-shore  flags,  direction  flm^,  rail- 
way and  train  flags,  cold-wave  flags,  weather  and  temperature  flags,  on-shore  &gs,  in- 
ternational flags,  tin  flag-symbols,  halliards,  cautionary  signal  indicatora,  lanterns,  signal- 
lamps,  flag-stafls,  wicks,  matches.  Also  for  repairs  to  flag,  lanterns,  &c ;  the  expenses 
of  erecting  flag-stafis,  washing  and  repairing  flags,  tools  for  repairs,  &c 

Continuing  the  connection  of  signal  stations  with  life-saving  stations  and  light-houses 
(such  connections  being  considered  necessary  as  per  opinions  expressed  by  the  Superin- 
tendent of  the  Life-Saving  Service  and  the  Chairman  of  the  Light-House  Board),  includ- 
ing services  of  operators,  repairmen,  materials  (such  as  cable,  wire,  poles,  insulators,  &c.), 
and  general  service,  being  for  the  maintenance  and  repair  of  the  military  telegraph  line 
along  the  Atlantic  coast  of  the  United  States.  This  covers  the  services  of  operators, 
repairmen,  and  other  general  service  at  the  following  or  such  other  stations  as  may  be 
deemed  necessary  by  the  Secretary  of  War:  Atlantic  City,  N.  J. ;  Bamegat  City,  N.  J. ; 
Block  Island,  R.  I. ;  Cape  Henry,  Va. ;  Chincoteague,  Va. ;  Hatteras,  N.  C. ;  Kitty 
Hawk,  N.  C. ;  Little  Egg  Harbor,  N.  J. ;  Cape  Henlopen,  Del. ;  Cape  May  Point,  N.  J. ; 
Wash  Woods,  N.  C. ;  Macon,  Fort,  N.  C. ;  station  on  Martha's  Vineyard  Island;  station 
on  Nantucket  Island;  Narragansett  Pier,  R.  I.;  New  River  Inlet,  N.  C;  Norfolk,  Va.; 
Ocean  City,  Md. ;  Point  Judith,  R.  I. ;  Smithville,  N.  C. ;  Wilmington,  N.  C.  The  pur- 
chase of  cable,  wire,  poles,  insulators,  brackets,  plugs,  cjoss-arms,  nalLs,  telegraph  in- 
struments, saddle-bags,  boats,  bridles,  boat-chains,  stable-forks  and  utensils,  flags, 
(special  life-saving),  halters,  harness,  carts  (repair),  wreck-knapsacks,  rent  or  purchase 
of  telephones,  transmitters,  and  call-boxes,  spikes,  pikes,  wire  reels,  riding-saddles,  pack- 
saddles,  spurs,  skiffs,  oars,  boatsails,  surcingles,  soldering  tools,  vises,  subscription  to 
maritime  registers  and  nautical  gazettes,  and,  in  cases  of  emergency,  the  payment  tor 
the  transportation  of  materials  from  points  to  points  on  the  sea-coast  line  where  the 
delay  in  securing  transportation  through  the  Quartermaster's  Department  would  be  dis- 
astrous to  the  service,  and  where  it  will  be  impossible  to  secure  otiier  transportation  than 
that  furnished  by  the  natives  by  rowboat,  team,  or  buck-board;  the  hire  of  teams,  boats, 
animals,  and  other  means  of  conveyance  and  help  necessary  in  repairing  the  searcoast 
line;  the  stabling  of  animals  used  for  the  same  purposes;  the  fex^iage  of  repair  parties  in 
crossing  inlets,  and  other  costs  of  short  transits  to  repair  the  line. 

^lanufocture,  purchase,  and  repair  of  instrument-shelters,  and  expenses  in  connec- 
tion therewith:  This  covers  instrument-shelters,  instrument-shelter  supports,  labor, 
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lamber,  and  nails,  &c.     For  making  same,  expenses  of  eroeting  shelters  and  supporis, 
and  repairs  to  shelters  and  sapports,  iucladiug  re-painting,  removing,  &c. 

Rents  of  offices,  hire  of  civilian  employes,  farnitnre  and  other  office  supplies,  light, 
heat  (except  coal  and  vrood),   heating-supplies,  stationery,  ice,  repairs,  rents  of  tele- 
phones, and  for  snch  other  absolutely  necessary  expenses,  not  otherwise  provided  for, 
of  offices  maintained  as  stations  of  observation  in  cities  or  places  outside  of  Washington, 
D.  C.    This  covers  all  expenses  of  maintaining  the  following  or  snch  other  stations  as  may 
be  deemed  necessary  by  the  Secretary  of  War:  Boston,  Mass. ;  Chicago,  BL ;  Cincinnati, 
Ohio;  New  York  City,  K.  Y. ;  Abilene,  Tex. ;  Albany,  N.  Y. ;  Alpena,  Mich. ;  Atlanta, 
Ga. ;  Atlantic  City,  N.  J. ;  Augusta,  Ga. ;  Baltimore,  Md. ;  Barn^;at  C^ty,  N.  J. ;  Block 
Island,  B.  I. ;  Buffalo,  N.  Y. ;  Cairo,  111. ;  Cape  Henry,  Va. ;  Cape  Mendocino,  CaL ;  Ce- 
dar Keys,  Fla. ;  Charleston,  8.  C. ;  Charlotte,  N.  C. ;  Chattanooga,  Tenn. ;  Cheyenne, 
Wyo. ;  Chincoteague,  Va. ;  Kitty  Hawk,  N.  C. ;  Knoxville,  Tenn. ;  La  Crosse,  Wis. ;  La- 
mar, Mo. ;  Leavenworth,  Kans. ;  Little  Rock,  Ark. ;  Los  Angeles,  CaL ;  Louisville,  Ky. ; 
Lynchburg,  Va. ;  Philadelphia,  Pa. ;  Saint  Louis,  Mo. ;  San  Francisco,  Cal. ;  Cleveland, 
Ohio;  Columbus,  Ohio;  Concordia,  Kans.;  Davenport,  Iowa;  Denver,  Colo.;  Des Moines, 
Iowa;  Detroit,  Mich. ;  Eastport,  Me. ;  El  Paso,  Tex. ;  Erie,  Pa. ;  Escanaba,  Mich. ;  Fort 
Smith,  Ark. ;  Galveston,  Tex. ;  Grand  Haven,  Mich. ;  Hatteras,  N.  C.^  Huron,  Dak. ;  In- 
dianapolis, Ind. ;  Indianola,  Tex. ;  Jacksonville,  Fla.;  Keokuk,  Iowa;  Key  West,  FJa.; 
Pittsburg,  Pa. ;  Port  Huron,  Mich. ;  Portland,  Me. ;  Portland,  Oreg. ;  Red  Bluff,  Cal. ; 
Rochester,  N.  Y. ;  Roseburg,  Oreg. ;  Sacramento,  CaL ;  Mackinaw  City,  Mich. ;  Macon, 
Fort,  N.  C. ;  Marquette,  Mich. ;  Memphis,  Tenn. ;  Milwaukee,  Wis. ;  Mobile,  Ala. ;  Mont- 
gomery, Ala.;  Moorhead,  Minn.;  Mount  Washington,  N.  H.;  Nashville,  Tenn.;  New 
London,  Conn. ;  New  Orleans,  La. ;  Norfolk,  Va. ;  North  Platte,  Nebr. ;  Olympia,  Wash. ; 
Omaha,  Nebr. ;  Oswego,  N.  Y. ;  Palestine,  Tex. ;  Pensacola,  Fla. ;  Dubuque,  Iowa;  Boise 
City,  Idaho;  Frisco,  Utah;  Greencastle,  Ind.;  Keeler,  Cal,;  Dead  wood,  Dak.;  Montrose, 
Colo.;  Sitka,  Alaska;  Little  Egg  Harbor,  N.  J.;  New  River  Inlet,  N.  C. :  Wash  Woods, 
N.  C. ;  station  on  Nantucket  Island;  Saint  Paul,  Minn. ;  Saint  Vincent,  Minn. ;  Salt  Lake 
City,  Utah;  San  Diego,  Cal.;  Sandusky,  Ohio;  Sandy  Hook,  N.  J.;  San  Luis  Obispo, 
Cal. ;  Santa  F6,  N.  Mex. ;  Savannah,  Ga. ;  Shreveport,  La. ;  Smithville,  N.  C. ;  Spring- 
field, 111.;  Toledo,  Ohio;  Vtdentine,  Nebr.;  Vicksburg,  Miss.;  West  Las  Animas,  Colo.; 
Winnemucca,  Nev.;  Yankton,  Dak.;  Yuma,   Ariz.;  Colorado  Springs,  Colo.;  Pike's 
Peak,  Colo.;  Sanford,  Fla.;  Wilmington,  N.  C;  New  Haven,  Conn.;  Dulnth,  Minn.; 
San  Antonio,  Tex.;  Cape  Henlopen,  Del.;  Narragansett  Pier,  R.  I.;  Ocean  City,  Md.; 
station  on  Martha's  Vineyard  Island.    To  particularize  the  expenses,  they  are  as  fol- 
lows: Rent  of  offices,  where  no  accommodations  are  furnished  In  public  buildings;  the 
hire  of  civilian  observers,  assistant  observers,  messengers,  janitors,  and  cleaners;  the 
purchase  of  basins,  bedsteads,  blankets,  brooms,  brushes,  buckets,  bed-sacks,  caipets, 
bookcases,  office  cases,  pigeon-hole  cases,  chairs,  water  coolers,  cups,  table  covers, 
cushions,  desks,  dippers,  dusters,  file  cases,  linoleum,  lounges,  mats  or  rugs,  mat- 
ting,  mattresses,  mirrors,  maps,  oil-doth,  dust-pans,  pillows,  pitdiers,  pots,  book- 
racks,  coat-racks,  towel-raciks,  shades  or  curtains,  office  signs,  spittoons,  standis  or  tables, 
stools,  towels,  tubs,  washstands,  snow-shoes,  moccasins,  &c. ;  payment  for  gas,  purchase 
of  lamps,  lanterns,  oil,  oil-cans,  wicks,  matches,  lamp  chimneys;  repairs  to  lamps  and 
lanterns;  the  purchase  of  stoves,  pokers,  coal-scuttles,  fire-shovels,  zincs  for  stoves,  &c., 
repairs  to  stoves,  &c. ;  payment  for  heating  offices  by  steam,  gas,  or  hot  air;  purcham  of 
writing  paper,  envelopes,  ink,  mucilage,  pens,  pencils,  blank-books,  and  other  items  of 
stationery;  the  purchase  of  ice,  washing  of  towels,  expenses  in  moving  office,  drinking 
water  (when  it  cannot  be  obtained  except  by  purchase) ;  reimbursement  to  enlisted  men  for 
expenses  incurred  in  making  short  transits  in  cities,  in  carrying  out  special  Instructions 
from  this  office,  in  connection  with  the  meteorological  service;  repairs  to  offices  where 
such  repairs  are  necessary  to  fit  the  offices  for  the  needs  of  this  service,  and  repairs  to 
buildings  owned  by  this  service;  lumber,  nails,  and  other  material,  and  exi>enses  for 
making  packing  boxes  for  shipment  of  supplies  to  stations  of  observation  outside  of 
Washington,  D.  C. ;  subscription  to  the  American.  Meteorological  Journal  for  issue  to 
stations  for  use  of  observers;  for  necessary  expenses  in  fitting  up  and  maintaining  sta- 
tions of  observations  tiiat  may  be  established  or  re-established  during  the  year,  and  for 
such  other  absolutely  necessary  expenses  not  specifically  set  forth,  but  necessary  in  the 
maintenance  of  the  stations. 

Expenses  incident  to  the  copying  of  synchronous  international  meteorological  observa- 
tions, to  be  used  in  connection  with  the  publications  of  this  office,  and  for  observations 
in  the  West  Indi&s  for  special  use  in  the  announcement  of  hurricanes  on  the  Atlantic 
and  Gulf  coasts  of  the  United  States.  This  covers  the  salaries  of  civilian  observers  in 
the  West  Indies  at  the  following  or  such  other  stiitions  as  the  Secretary  of  War  may 
consider  necessary:  Havana,  Cuba;  Kingston,  Jamaica;  St.  Thomas,  St.  Thomas;  Sau 
Juan,  Porto  Rico;  Santiago  de  Cuba,  Cuba;  Pointe  a  Pitre,  Guadeloupe;  Bridge- 
town, Barbadoes;  St.  Pierre,  Martinique.    The  payment  is  for  taking  tri-daily  meteoro- 
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logical  observations,  for  telegraphing  them,  for  forwanling  mail  reports,  and  for  tele- 
graphing harricane  information;  payment  for  services  rendered  in  collecting  and  copy- 
ing reports  of  meteorological  observations  made  on  board  of  vessels  of  foreign  nations  for 
nse  in  the  publications  of  the*international  bulletin. 

River  and  flood  observations  and  expenses  incidental  thereto:  This  covers  the  pay  of 
the  river  observers  at  the  following  or  such  other  stations  as  the  Secretary  of  War  may 
deem  necessary:  Albany,  Or^. ;  Alexandria,  La. ;  Arkaosas  City,  Ark. ;  Boonville,  Mo. ; 
Brookville,  Pa. ;  Brnnswick,  Mo.;  Brownsville,  Pa.;  Bumside,  Ky.;  Beardstown,  111.; 
Bayou  Sara,  La. ;  Colusa,  Cal. ;  Confluence,  Pa. ;  Clarion,  Pa. ;  Charleston,  Tenn. ;  Clin- 
ton, Tenn.;  Carthage,  Tenn.;  Coushatta  Chute,  La.;  Gamden,  Ark.;  Decatur,  Ala.; 
Delhi,  La, ;  Eugene  City,  Oreg. ;  Evansville,  Ind. ;  Folsom  City,  Cal. ;  Frecport>  Pa, ; 
Fulton,  Ark.;  Harper ^s  Ferry,  W.  Va.  (during floods);  Helena,  Axk.;  Hermann,  Mo.; 
Gerard,  La.;  number  reports,  doubtful;  Grand  Tower,  III. ;  Johnsonville,  Tenn.;  Johns- 
town, Pa. ;  Jerome,  Mo. ;  Kansas  City,  Mo. ;  Kingston,  Tenn. ;  Le  Claire,  Iowa;  Loudon, 
Tenn. ;  Leadvale,  Tenn. ;  Louisiana,  Mo. ;  Lock  No.  4,  Pa. ;  Mahoning,  Pa. ;  Marietta, 
Ohio;  Marysville,Cal.;  Monroe,  La.;  Mount Carmel,  111.;  Morgantown,  W.  Ya.;  Mount 
Holly,  N.  C. ;  New  Geneva,  Pa. ;  Newport,  Ark. ;  Oil  City,  Pa. ;  Oroville,  Cal. ;  Paducah, 
Ky. ;  Peoria,  111. ;  Plattsmouth,  Nebr. ;  Parker's  Landing,  Pa. ;  Rowlesburg,  W.  Va. ; 
Rockwood,  Tenn. ;  Saint  Joseph,  Mo.;  Saltsburg,  Pa.;  Strawberry  Plains,  Tenn. ;  Uma- 
tilla, Oreg.;  Vincennes,  Ind.  (special  observations);  Warsaw,  111.;  Wheeling,  W.  Va.; 
Warren,  Pa. ;  Weston,  W.  Va. ;  Wabasha,  Minn. ;  West  Melville,  La. ;  Tazoo  City,  Miss. 
The  employment  of  a  civilian  clerk  outside  of  Washington,  D.  C,  having  charge,  under 
orders  fh)m  this  office,  of  the  erection  and  repair  of  river  gauges  and  Instructing  the  ob- 
servers (in  regard  to  their  duties)  at  the  various  river  stations  of  the  service.  The  manu- 
fiicture,  purchase,  construction,  erection,  and  repair  of  river  gauges,  and  the  manufact- 
ure, purchase,  and  repair  of  rain  gauges,  and  the  wind-vanes  u»Bd  in  the  special  work, 
including  all  labor,  tools,  and  materials  for  the  same,  and  for  such  other  proper  expenses 
necessary  to  maintain  this  branch  of  the  service. 

Expenses  (including  paper,  forms,  printing  supplies,  hire  of  civilian  printers,  engrav- 
ers, &a)  of  preparing,  printing,  and  distribnting  maps  and  bulletins  to  be  displayed 
in  chambers  of  commerce  and  boan^  of  trade  rooms  and  for  distribution;  also  for  **  pro- 
fessional papers,"  ** Signal  Service  notes,"  and  for  the  maintenance  of  a  printing  office 
under  the  direction  of  the  Chief  Signal  Officer,  in  the  city  of  Washington,  for  the  print- 
ing of  the  necessary  orders,  circulxus,  maps,  bulletins,  &c.,as  may  be  necessary  to  carry 
into  eflect  the  appropriations  made  for  the  support  of  the  Signal  Service :  This  covers 
paper  for  printing  at  the  office  of  the  Chief  Signal  Officer,  and  for  such  other  printing 
stations  as  the  Secretary  of  War  may  deem  necessary;  the  purchase  of  press-blankets,  bel- 
lows, bed-plates,  benzine,  bodkins,  miter  boxes,  oilcans,  printing  cases,  type  cases,  chases, 
paper-cutter,  presses,  cyclostyles  and  appurtenances,  printing-press  covers,  dies,  mat- 
rices, type  symbols,  electrotypes,  stereotypes,  bulletin  frames,  map  frames,  monthly 
mean  irames,  printing  frames,  type  furniture,  galleys,  hektographs  and  supplies  for 
same;  printing  ink,  leads,  lye,  mallets,  paint  mills,  boilers,  engines,  oil,  planers,  print- 
ing presses,  punches,  quoins,  damping  rollers,  ink-rollers,  proof  presses,  rule,  composing 
rules,  imj)osing  stand,  type-stands,  printing  sticks,  shooting  sticks,  styli,  spatulxis,  tin 
( sheets  of ),  tweezers,  twine,  type,  turpentine,  tallow,  lithograph  presses,  lithograph  stone, 
lithograph  ink,  and  such  other  supplies  and  material  necessary;  tho  hire  of  civilian 
printers  at  such  stations  where  in  the  opinion  of  the  Secretary  of  War  their  services  may 
be  necessary;  the  purchase  of  large  ymM  maps  and  symbols  for  display,  the  purchase  of 
manifold  forms,  carbon  paper,  and  expenses  of  preparing  and  issuing  the  forms,  the 
services  of  engravers  and  the  engraving  of  maps,  charts,  Sic, ;  the  distribution  of  publi- 
cations through  the  Smithsonian  Institution;  wrappers  for  bulletins;  the  preparing, 
printing,  and  publishing  of  *^  professional  papers,"  **  Signal  Service  notes,"  weather  re- 
views, &c.,  and  for  the  maintenance  of  a  printing  office  under  the  direction  of  the  Sec- 
retary of  War,  in  the  city  of  Washington,  for  the  printing  of  the  necessary  orders,  cir- 
culars, schedules,  forms,  maps,  bulletins,  &c.,  as  may  be  necessary  to  carry  into  effect 
the  appropriations  for  the  support  of  the  Sigxial  Service. 

Observations  and  expenses  incidental  thereto  announcing  the  probable  approach  and 
severity  of  frosts  for  the  benefit  of  the  cotton  region  of  the  United  States:  This  covers: 
the  pay  of  observers,  operators,  and  messengers  in  taking,  sending,  receiving,  relaying, 
&c.,  cotton  region  reports  at  tho  following  or  such  other  stations  as  the  Secretary  of 
War  may  deem  necessary:  Aberdeen,  Miss.;  Albany,  Ga.;  Alexandria,  La.;  Allapaha, 
Ga. ;  Allendale,  S.  C. ;  Amite  City,  La. ;  Anderson,  S.  C. ;  Arkansas  City,  Ark. ;  Atiiens, 
Ga. ;  Austin,  Tex. ;  Brenham,  Tex. ;  Bainbridgo,  Ga. ;  Batesburg,  S.  C. ;  Batesville,  Miss. ; 
Beanmont,  Tex. ;  Belton,  Tex. ;  Birmingham,  Ala. ;  Blackville,  S.  C. ;  Bolivar,  Tenn. ; 
Branchville,  S.  C. ;  Calera,  Ala. ;  Cammack,  Ga. ;  Cartersville,  Ga. ;  Cheneyville,  La. ; 
Cheraw,  S.  C. ;  Chester,  S.  C. ;  Columbia,  S.  C. ;  Columbia,  Tex. ;  Brinkley,  Ark. ;  Brook- 
haven,  Mi.ss.;   Brownsville,  Tenn.;  Colnmbns,  Ga. ;  Columbus,  Mia."?.;   Corinth,  Miss.; 
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Coraicana,  Tex.;  Conshatta  Chute,  La.;  Covington,  Tenn,;  Caere,  Tex.;  Dallas,  Tex.; 
Daltou,  Tex.;  Decatnr,  Ala.;  Devall's  BlufT,  Ark.;  Dyersbarg,  Tena.;  Eastman,  (Ja. ; 
Edwards,  Miss. ;  Eafanla,  Ala. ;  Evergreen,  Ala. ;  Femandina,  Fla. ;  Florence,  S.  C. ; 
Fort  Deposit,  Ala. ;  Fort  Gaines,  Ga. ;  Gainesville,  Ga. ;  Goldsborongh,  N.  C. ;  Grand 
Junction,  Tenn. ;  Greenville,  S.  C. ;  Greenville,  Ala. ;  Greenwood,  S.  C. ;  Grenada,  Miss. ; 
Griffin,  Ga. ;  Hardeeville,  S.  C. ;  Hazlehnrst,  Miss. ;  Heame,  Tex. ;  Helena,  Ark. ;  Hemp- 
stead, Tex. ;  Hernando,  Miss. ;  Holly  Springs,  Miss. ;  Houston,  Tex. ;  Hontsvllle,  Tex. ; 
Jackson,  Miss. ;  Jacksonborongh,  S.  C. ;  Jessnp,  Ga. ;  Kensett,  Ark. ;  Kingpstree,  S.  C. ; 
I^  Fayette,  La. ;  Lake,  Miss. ;  Live  Oak,  Fla. ;  Livingston,  Ala. ;  Longview,  Tex. ;  Lu- 
ling,  Tex.;  Lnmberton,  N.  C;  Macon,  Ga.;  Macon,  Miss.;  Madison.,  Ark.;  Magnolia, 
Ark.;  Malvern,  Ark.;  Marion,  Ala.;  Meridian,  Miss.;  Milan,  Tenn.;  Millen,  Ga.; 
Minden,  La. ;  Monroe,  La. ;  Montioello,  Ark. ;  Natchez,  Miss. ;  Natchitoches,  La. ;  New 
Berne,  N.  C. ;  Newport,  Ark. ;  Okolona,  Miss. ;  Opelika,  Ala. ;  Opelonsas,  La. ;  Orange, 
Tex.;  Oxford,  Miss.;  Paris,  Tex.;  Paris,  Tenn.;  Pine  Apple,  Ala.;  Pine  BlaiT, 
Ark. ;  Fort  Gibson,  Miss. ;  Prescott,  Ark. ;  Qoitman,  Ga. ;  Raleigh,  N.  C. ;  Rnssellville, 
Ark. ;  Saint  George's,  S.  C. ;  Saint  Matthew's,  S.  C. ;  Salisbury,  N.  C. ;  Scottsborough, 
Ala. ;  Selma,  Ala. ;  Smithville,  Ga. ;  Sour  Lake,  Tex. ;  Spartanbuig,  S.  C. ;  Texarkana, 
Ark. ;  Thomasville,  Ga. ;  Toccoa,  Ga. ;  Tuscumbia,  Ala, ;  l^ler,  Tex. ;  Union  Pointy  Ga. ; 
Waco,  Tex. ;  Waldo,  Fla, ;  Wadesborough,  N.  C. ;  Washington,  Ga. ;  Way  Cross,  Ga. ; 
Withe,  Tenn. ;  Waynesborongh,  Ga. ;  Waynesborough,  Miss. ;  Weatherford,  Tex. ;  Wei- 
mar, Tex.;  Weldon,  N.  C;  West  Point,  Ga.;  Whiteville,  La.;  Yemassee,  S.  C.  The 
purchase  of  thermometers  and  rain-gauges  and  repairs  to  the  same;  the  purchase  of  in- 
strument shelters  and  repairs  to  the  same,  and  for  sudi  other  incidental  expenses  as  may 
be  necessary. 

Expenses  of  collection  and  collation  of  meteorological  observations  made  by  shijy-mas- 
ters  and  ship  captains,  for  the  more  complete  study  of  storms,  with  a  view  to  the  accu- 
rate prediction  of  their  frequency,  periodicity,  and  direction :  This  covers  subscription 
to  Maritime  Registers  and  Nautical  Gazettes  for  issue  to  ship  cai>tains  in  return  for  ob- 
servations furnished,  and  other  expenses  of  marine  agencies  at  New  York,  Boston,  Phil- 
adelphia, Baltimore,  and  San  Francisco,  or  at  such  other  places  as  in  the  opinion  of  the 
Secretary  of  War  such  agencies  may  be  necessary.     • 

Expenses  incident  to  the  instruction  department  at  the  post  of  Fort  Myer,  Ya.,  in- 
cluding text-books,  stationery,  furniture,  oc. :  This  covers  stationery,  telegraph  instru- 
ments, and  supplies,  text-books,  furniture,  and  such  other  articles  or  expenses  necessary 
to  maintain  and  continue  the  work  of  this  department  of  the  Bureau. 

For  incidental  expenses  not  otherwise  provided  for :  This  covers  such  items  of  legiti- 
mate expenses  which  cannot  now  be  anticipated  and  thus  specifically  provided  for. 

Library  and  other  books,  periodicals,  and  newspapers:  This  covers  necessary  books  of 
reference  in  prosecuting  the  study  of  the  science  of  meteorology,  as  well  as  text-books  for 
issue  to  stations  of  observation,  such  as  Buchan's  Hand-Book  of  Meteorology,  Cnlley's 
Telegraphy,  Guyot's  Meteorological  Tables,  Loomis's  Meteorology,  Pope's  Telegraphy, 
Prescott's  Electricity,  &c     Also,  subscription  to  scientific  periodicals  and  newspapers. 

Manuscript  and  card  catalogues:  This  covers  the  purchase  of  original  manuscripts  on 
meteorological  subjects  from  the  authors  of  the  same,  as  well  as  expenses  in  i>reparing 
card  catalogues  of  meteorological  bibliography. 

Lumber:  This  covers  lumber  of  all  grades  and  kinds  for  the  purpose  of  making  pack- 
ing-boxes for  shipment  of  material  and  supplies  to  stations  outside  of  Washington, 
D.  C. 

Advertising:  This  covers  the  cost  of  advertising  notices  inviting  proposals  for  furnish- 
ing supplies,  &c.,  and  for  sales  of  condemned  property. 

Erection  of  a  new  observatory  on  Mount  Washington,  N.  H. :  This  is  to  provide  for  the 
better  protection  of  the  men  and  material  at  the  station  of  Mount  Washington,  N.  H.,  a 
very  important  station  of  this  service,  yet  in  winter  isolated  from  the  world,  and  in  order 
to  obtain  thfl  best  results  for  the  Signal  Bureau. 


Estimates  of  appropriation  required  for  Vie  service  of  Ute  fiscal  year  ending  June  30,  1887, 

under  the  War  Department^  Signal  Service. 

Construction,  maintenance,  and  repair  of  military  telegraph  lines.  (P.  217,  Ex.  Doc. 
No.  5,  Forty-ninth  Congress,  first  session.) 

Construction  of  military  telegraph  line  for  the  connection  of  military  posts  as  follows : 
Fort  Gaston,  Cal.,  to  North  Fork  Mad  River,  Cal.,  30  miles;  Fort  Hallcck,  Nev.,  to 
Halleek  Station,  Nev.,  12  miles,  including  instruments,  materials,  and  extra-duty  pay 
to  troops.  This  covers  the  purchase  of  wire,  poles,  insulators,  brackets,  telegraph  in- 
struments, battery  material,  and  supplies,  &c.,  and  the  extra-duty  pay  to  he  paid  to 
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the  ciiILsUmI  men  detailed  to  Vniild  the  lilies^  aud  the  hire  of  teams,  wsi^rons,  tools,  &c., 
in  iroDDec^tion  with  tlie  bailding  of  said  lines. 

Miiiutenance  and  repair  of  military  tiSlegraph  lines,  including  rent8  of  ullices,  salaries 
of  civilian  operators  and  repairmen,  lights,  supplies,  and  general  repairs:  This  covers 
the  expenses  of  maintaining  the  following  or  snch  other  stations  as  may  be  deemed  nee- 
cjwary  by  the  Secretary  of  War:  Astoria,  Oreg.;  Ashland,  Oreg.;  Apache,  Fort,  Ariz.; 
Assinaboine,  Fort,  Mont.;  Ash  Fork,  Ariz.;  Bismarck,  Dak.;  Bridger,  Fort,  Wyo.; 
Brownsville,  Tex. ;  Bnford,  Fort,  Dak. ;  Benton,  Fort,  Mont. ;  Bidwell,  Fort,  Oil. ;  Ben- 
nett, Fort,  Dak.:  Bowie,  Fort,  Ariz.;  Canby,  Fort,  Wash.;  Custer,  Fort,  Mont.;  Can- 
tonment, Ind.  T.;  Carter,  Wyo.;  Custer  Station,  Mont.;  Coeur  d'Alene,  Idaho;  Dodge 
City,  Rons. ;  Dayton,  Wash. ;  Davis,  Fort,  Tex. ;  Durango,  Colo. ;  Elliott,  Fort,  Tex. ;  Ed- 
inbnrg,  Tex. ;  Glendive,  Mont.;  Galpin,  Mont. ;  Grant,  Fort,  Mont. ;  Helena  Mont. ;  Hen- 
rietta, Tex. ;  Klamath,  Fort,  Oreg. ;  Lewiston,  Idaho;  Lakeview,  Oreg. ;  Laramie,  Fort, 
Wyo. ;  LinkviUe,  Orcjg. ;  Lava,  N.  Mex. ;  Lacota,  Dak. ;  Larimore,  Dak. ;  Maginnis,  Fort, 
Mont ;  Maricopa,  Aiiz. ;  McDowell,  Fort,  Ariz. ;  Morfa,  Tex. ;  Neah  Bay,  Wash. ;  Pysht, 
Wash. ;  Poplar  Kiver,  Mont. ;  Port  Angles,  Wash. ;  Phcenix,  Ariz. ;  Parker's,  Oreg. ; 
Rio  Grande  City,  Tex. ;  Reno,  Fort,  Ind.  T. ;  Robinson,  Fort,  Nebr. ;  Shaw,  Fort,  Mont. ; 
Spokane  Falls,  Wash. ;  Stanton,  Fort,  N.  Mex. ;  Stockton,  Fort,  Tex. ;  San  Carlos  Agency , 
Ariz. ;  Spokane,  Fort,  Wash. ;  Supply,  Fort,  Ind.  T. ;  Santa  Maria,  Tex. ;  Snllv,  Fort, 
Dak. ;  Sill,  Fort,  Ind.  T. ;  Tatoosh  Island,  Wash. ;  Totten,  Fort,  Dak. ;  Thomas,  Fort,  Ariz. ; 
Tucson,  Ariz. ;  Verde,  Fort,  Ariz. ;  Watrons,  N.  Mex. ;  Webster,  Dak. ;  Wickenburg, 
Afiz* ;  Willcox,  Ariz. ;  Tates,  Fort,  Dak.  These  expenses  are  for  rents  of  offices,  the  hire  of 
civilian  operators,  repairmen,  and  messengers;  the  purchase  of  lamps,  lanterns,  matches, 
oil,  wicks,  lamp-chimneys;  thepaymentforgas;  purchase  of  lightning  arresters,  axes,  crow- 
bars, digging iMirs,  switch-boards,  iron  boots,  battery-boxes,  call-boxes,  cable-boxes,  brack- 
ets, cable,  battery  cells,  clamps,  climbers  and  straps,  battery  connectors,  coppers,  sulphate 
of  copper,  plng-drivers,  soldering  furnaces,  electric  j^ngs,  telegraph  keys,  sounders,  relays, 
pocket  relays,  box  sounders,  repeaters,  insulators,  nails,  picks,  ground  plates,  pliers,  poles, 
plugs,  pulleys,  reels,  switches,  screw-drivers,  shovels,  syringes,  solder,  spikes,  telephones, 
wire,  zincs,  tiui£f-books,  repairs  to  cables;  hire  of  teams,  boats,  animals,  and  other  means  of 
conveyance,  and  help  on  repair  trips,  ferriage,  tolls,  and  other  costs  of  short  transits  to 
repair  the  lines;  purchase  of  office  furniture  and  supplies,  rent  of  post-office  boxes,  stor- 
age of  tel^^ph  material,  purchase  of  stoves  and  heating  supplies  (except  fuel),  and  for 
such  other  expenses  as  may  be  considered  necessary  to  maintain  the  lines  and  keep  them 
in  proper  working  order. 

The  other  estimates  made  by  this  service  for  pay,  subsistence,  regular  supplies,  inci- 
dental expenses,  transportation,  barracks  and  quarters,  clothing,  camp  and  garrison 
equipage,  medical  department,  ordnance  stores,  are  fully  explained  in  the  language  of 
the  estimates  and  notes  accompanying  the  same. 

Under  the  title  '*  Signal  Service,  r^pilar  supplies,  fuel,  authorized  allowance  for  en- 
listed men  at  Fort  Myer,  Va.,  and  for  various  offices  at  Fort  Myer,  Va.,  and  on  United 
States  military-telegraph  lines,  and  at  stations  of  observation  outside  of  Washington, 
D.  C,  and  for  sales  of  the  r^ulation  allowance  to  officers  of  the  Signal  Corps,  and 
those  doing  duty  therewith  (for  fires  the  year  round  when  needed) : ''  It  is  intended  that 
this  estimate  shall  provide  fuel  for  the  following-named  stations  or  such  others  as  the 
Se<3etaiy  of  War  may  deem  necessary  :  Atlantic  City,  N.  J. ;  Alpena,  Mich. ;  Abilene, 
Tex.;  Augusta,  Ga.;  Baltimore,  Md.;  Bois6City,  Idaho;  Block  Island,  R.  I.;  Chatta- 
nooga, Tenn. ;  Cape  Henry,  Va. ;  Cape  Henlopen,  Del. ;  Cape  Mendocino,  Cal. ;  Charles- 
ton, S.  C;  Charlotte,  N.  C. ;  Cedar  Keys,  Fla.;  Chicago,  111.;  Chincoteague,  Va.;  Con- 
cordia, Kans. ;  Colorado  Springs,  Colo.;  Dead  wood,  IHdc. ;  Des  Moines,  Iowa;  Dubuque, 
Iowa:  Eastport,  Maine;  Escanaba,  Mich.;  El  Paso,  Tex.;  Erie,  Pa.;  Frisco,  Utah;  Fort 
Smith,  Ark. ;  Galveston,  Tex. ;  GreencasUe,  Ind. ;  Hatteras,  K.  C. ;  Huron.  Dak. ;  In- 
dianola,  Tex.;  Jacksonville,  Fla.;  Keeler,  C^.;  Keokuk,  Iowa;  Key  West,  Fla.;  Kitty 
Hawk,  N.  C. ;  Lamar,  Mo. ;  La  Crosse,  Wis. ;  Leavenworth,  Kans. ;  Little  Rock,  Ark. ; 
I^iOgonsport,  Ind. ;  Los  Angeles,  Cal. ;  Lynchburg,  Va. ;  Marquette,  Mich. ;  Mackinaw 
City,  Mich. ;  Macon,  Fort,  N.  C. ;  Memphis,  Tenn. ;  Milwaukee,  Wis. ;  Mobile,  Ala. ; 
Montgomery,  Ala. ;  Moorhead,  Minn. ;  Montrose,  Colo. ;  Mount  Washington,  N.  H. ;  Nar- 
ragansett  Pier,  R.  I. ;  Kashville,  Tenn. ;  New  London,  Conn. ;  New  River  Inlet,  N.  C. ; 
Norfolk,  Va. ;  Ocean  City,  Md. ;  Omaha,  Nebr. ;  Oswego,  N.  Y. ;  Olympia,  Wash. ;  I'en- 
sacola,  Fla. ;  Pike's  Peak,  Colo. ;  Portland,  Oreg. ;  Port  Huron,  Mich. ;  Red  Bluff,  Cal. ; 
Roseburg,  Oreg. ;  Savannah,  Ga. ;  Salt  Lake  City,  Utah ;  Sacramento,  Cal. ;  San  Fran- 
cisco and  branch,  Cal. ;  Santa  F6,  N.  Mex. ;  Saint  Paul,  Minn. ;  Saint  Vincent.  Minn. ; 
San  Diego,  Cal.;  San  Luis  Obispo,  Cal.;  Sanford,  Fla. ;  Sandy  Hook,  N.  J. ;  Shreveport., 
Ija. ;  Sitka,  Alaska;  Smithvillc,  N.  C. ;  Valentine,  Nebr. ;  Vicksburg,  Mi&s. ;  Walla  Walla, 
Wash. ;  Wash  Woods,  N.  C. ;  West  Las  Animas,  Colo. ;  Wilmington,  N.  C. ;  Winnemuccji, 
Nev. ;  Yankton,  D*ik. ;  Yuma,  Ariz. 
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Telegraph  Offices — Apache,  Fort,  Ariz. ;  Aasioaboine,  Mont. ;  Ashland,  Oreg. ;  Astoria, 
breg.;  Bismarck,  Dak.;  Brownsville,  Tex.;  Bridger,  Fort,  Wyo.;  Bulbrd,  Fort,  Dak.; 
Bidwell,  Fort,  Gal.;  Cantonment,  Ind.  T.;  CoDur  d'Alene,  Fort,  Idaho;  Coster,  Fori, 
Mont ;  Canby,  Fort,  Wash. ;  Dodge  City,  Kans. ;  Davis,  Fort,  Tex. ;  Elliott,  Fort,  Tex. ; 
Helena,  Mont. ;  Klamath,  Fort,  Oreg. ;  Lakeview,  Oi^^. ;  Lava,  N.  Mez. ;  Lewiston, 
Idaho;  Linkrille,  Or^.;  Maricopa,  Ariz.;  Maginnis,  Fort,  Mont.;  McDowell,  Fort, 
Mont. ;  Myer,  Fort,  Va. ;  Neah  Bay,  Wash. ;  Prescott,  Ariz. ;  Phcomx,  Ariz. ;  Port  An- 
geles, Wash.;  Poplar  River,  Mont;  Pysht,  Wash.;  Reno,  Fort,  Ind.  T.:  Rio  Grande 
City,  Tex.;  Robinson,  Fort,  Neb.;  San  Carlos,  Ariz.;  Stanton,  F6rt,  N.  Mex. ;  Solly, 
Fort,  Dak. ;  SiD,  Fort,  Ind.  T. ;  Spokane  Falls,  Wash. ;  Stockton,  Fort,  Tex. ;  San  An- 
tonio, Tex. ;  Tatoosh  Island,  Wash. ;  Thomas,  Fort,  Ariz. ;  Totten,  Fort,  Ariz. ;  Wicken- 
bnrs^  Ariz. ;  WUloox,  Ariz. ;  Yates,  Fort,  Dak. 

(See  Ex.  Doc  No.  176,  H.  of  R.,  Forty-ninth  Congress,  first  sessian.) 

PBOPKBTY  BESP0K8IBILITT. 

In  regard  to  my  responsibility  for  the  property  belonging  to  this  service,  I  wonld  say 
that  under  the  present  roles  each  article  purchased  is  taken  up  on  the  property  report 
which  is  rendered  quarterly  to  the  Chief  Signal  Officer,  for  transmission  to  the  Third 
Auditor  of  the  Treasury,  so  that  not  one  article,  from  the  merest  trifle  to  the  most  ex- 
pensive, but  what  is  carefully  reported  every  three  months  to  the  accounting  offioexs  of 
the  Treasury.  And  when  it  is  considered  that  the  property  is  scattered  all  over  the 
United  States  at  all  of  the  stations  of  this  service,  and  that  frequent  inventories  have 
demonstrated  tiie  absolute  accuracy  of  my  reports,  the  vast  amount  of  care  required  to 
produce  such  a  result  can  be  more  readily  appreciated. 

Whenever  articles  for  the  use  of  the  Government  are  ordered  and  received  at  this  office 
I  have  in  each  case  i>ersonally  examined  the  same,  so  far  as  their  receipt  at  this  office  was 
concerned,  and  have  had  the  articles  inspected  by  a  competent  person  before  their  accept- 
ance. 

ST0BE-H0U9S. 

There  is  always  an  accumulation  at  this  office  of  valuable  Government  property,  and  I 
would  invite  the  attention  of  the  Chief  Signal  Officer  to  the  very  inadequate  store-house, 
and  recommend  that,  if  possible,  some  action  maybe  taken  to  ihmish  storage  room  of  a 
better  character  and  greater  capacity. 

FISE-PBOOF  BUILDING. 

It  would  seem  that  while  several  estimates  have  been  submitted  for  afire-proof  build- 
ing, th^y  have  been  thus  far  ignored,  and  the  accumulation  of  the  work  of  this  service 
and  the  result  of  the  observations  made,  together  with  the  valuable  property,  is  worth 
protection.  Congress  should  be  urged  to  favorably  consider  the  estimate  submitted  for 
a  fire-proof  building  adapted  to  the  needs  of  this  service. 

STATUS  OF    WOBK. 

The  work  of  the  division  is  well  up  to  date,  and  all  possible  provision  has  been  made 
to  continue  the  service  for  the  next  fiscal  year  on  the  same  basis  as  during  the  past  fisr 
cal  year.  Leases  have  been  renewed  (subject,  of  course,  to  an  appropriation)  and  pro- 
posals have  been  invited  and  received  for  the  year's  supplies  at  this  office,  as  well  as  at 
stations,  as  needed.  Of  course  no  authorities  can  issue  looking  to  incurring  any  ex- 
pense until  Congress  shall  have  passed  the  appropriations  for  which  estimates  have  been 
submitted. 

I  would  invite  attention  to  the  fact  that  when  I  entered  upon  the  duties  of  property 
and  di^ursing  officer,  one  year  ago,  I  was  not  at  all  familiar  with  the  duties  of  that 
office,  but  had  to  rely  in  a  great  measure  upon  the  knowledge  of  the  chief  clerk  of  the 
division,  Mr.  W.  R.  Bushby,  and  I  take  great  pleasure  in  stating  that  the  efficient  serv- 
ice rendered  by  him  has  been  of  inestimable  assistance  to  me  in  transacting  the  busi- 
ness of  the  division. 

I  would  also  state  that  with  but  few  exceptions  the  men  on  duty  in  the  division  have 
well  and  faithfully  performed  the  duties  assigned  them. 
I  am,  very  respectfully,  your  obedient  servant, 

FRANCIS  B,  JONES, 
Captain  and  Astfistani  QuartermaMer^  U.  S.  A.j 
Property  and  Disimming  Officer y  Signal  Service, 

The  Chikf  Signal  OFFirER  of  the  Abmy. 
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ANNUAL  REPORT  OF  THE  EXAMINING  OFFICER, 

Sib  :  The  work  of  this  division  has  been  conducted  with  the  same  regularity  and  form 
08  in  the  preceding  years.  No  new  rules  or  methods  have  been  introduced.  The  duties 
now  as  in  the  past  relate  wholly  to  the  preservation  of  the  fiscal  integrity  of  the  service. 
So  far  as  lies  within  my  power,  no  purchases  or  engagements  are  made  that  are  not  neces- 
sary, economical,  and  lawful,  and  no  disbursements  are  made  that  come  under  my  super- 
vision that  are  not  in  strict  accordance  with  previous  authority  or  approval. 

As  is  but  natural,  cases  occasionally  arise  whe^  authority  ibr  expenditure  of  money 
is  requested  in  whidh  the  request  does  not  coincide  with  my  views  upon  the  subject. 
These  cases  are  fully  investigated  and  a  satisfactory  understanding  is  arrived  at  before 
the  issuance  of  the  authority,  or  else,  failing  such  understanding,  the  matter  is  referred 
for  the  personal  decision  of  the  Chief  Signal  Officer.    Such  cases  are  fortunately  rare. 

This  division,  originally  instituted  for  the  purpose  of  assuring  a  rigid  honesty  in  the 
monetary  afG^irs  of  the  service,  after  an  exposS  of  unparalleled  thievery  and  looseness  of 
management,  itself  in  a  great  measure  culpable,  has,  happily,  because  of  the  sometimes 
painfully  solicitous  honest  management  of  the  application  and  disbursement  of  the  pub- 
lic funds,  reached  a  time  when  the  corrections  to  be  made  and  errors  to  be  guarded 
against  are  those  that  are  purely  technical  in  their  nature. 

Were  we  sure  that  in  the  future  there  would  be  the  same  rigid  honesty  on  the  part  of 
all  officers  whose  duties  lie  near  to  the  appropriations  for  the  support  of  this  service, 
this  division  might  well  be  abolished  and  the  purely  clerical  labor  of  examining  prop- 
erty retams  of  signal  property  throughout  the  country  confided  to  a  branch  of  the  prop- 
erty division.  But  the  millennium  has  not  yetarrived;  indeed,  is  hardly  due,  judging 
from  recent  matters  connected  with  this  service,  and  none  are  infallible  but  ourselves. 

It  seems  to  me  at  times  that,  for  the  small  amounts  of  signal  property  in  the  hands 
of  very  many  officers,  the  amount  of  reports  and  the^abor  of  examination  are  greatly  in 
excess  of  the  value  of  the  articles  reported. 

When  It  is  considered  that  these  reports  require  the  preparation,  examination  here, 
the  notification  of  the  responsible  officer,  frequent  but  necessary  correction  of  insignifi- 
cant errors,  the  transmittal  with  a  separate  letter  for  each  account  to  the  Thinl  Auditor 
and  their  examination  there,  and  that  this  happens  four  times  in  each  year,  and  that 
these  reports  must  necessarily  cover  only  property  small  in  quantity  and  value,  it  is 
worthy  of  serious  thought  whether  or  not  a  report  of  signal  property  made  once  in  each 
year,  or  at  most  once  in  each  half  year,  would  not  be  all-sufficient. 

I  must  call  attention  to  the  deplorable  sanitary  condition  of  the  rooms  occupied  by 
this  division;  the  working  room  in  which  three  clerks  are  daily  confined  is  small  and 
dark,  cold  in  winter  and  warm  in  summer.  Such  quarters  surely  shorten  their  lives.  My 
own  room  is  little  better,  and  to  add  to  the  situation  there  is  an  ever-present  stale,  ill- 
smelling  odor,  rising  at  frequent  times  to  a  pitch  that  is  all  but  visible.  I  am  awaro 
that  these  are  the  best  rooms  the  service  can  affi)rd,  and  that  they  are  much  better  than 
many  others. 

The  office  force,  with  myself,  have  worked  steadily,  faithfully,  and  diligently,  and  in 
these  days  of  threatened  disaster  and  insidious  attack  can  but  look  forward  into  the 
future,  wondering  and  fearing. 

A  summarized  report  of  the  work  performed  in  the  division  has  been  already  sub- 
mitted, and  should  be  filed  with  this  report  as  a  part  thereof. 
I  am,  very  respectfully,  your  obedient  servant, 

FRANK  GREENE, 
Second  LteutenatUf  Signal  Corps,  U,  8.  Army^ 

In  charge  of  the  Examiner^ s  Division. 

The  Cirrcp  Signal  Officek  op  the  Asmt. 
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APPENDIX    i6. 

ANNUAL  REPORT  OF  TH^  OFFICER  IN  CHARGE  OF  THE  PUBLICATIONS 

DIVISION 

Publications  Division,  Signal  Office, 

WaskingUm,  D.  C,  Julp  1, 1886. 

SiB:  I  have  the  honor  to  herewith  submit  the  report  of  work  done  in  the  Publications 
Division  during  the  fiscal  year  ending  June  30, 1886: 

The  total  number  of  employ6s  in  the  division  is  30,  consisting  of  22  enlisted  men  and 
8  civilians,  a  reduction  of  14  since  my  last  report.  This  reduction  of  force  was  incident 
to  the  discontinuance  of  the  publication  of  the  Daily  Bulletin  of  International  Observa- 
tions and  of  Professional  Papers  and  Signal  Service  Notes,  and  was  further  necessitated  by 
deficiency  of  appropriation.  These  employes  are  classified  as  follows:  CtTief  clerk,  1 ; 
clerks,  3;  draughtsmen,  5;  printers,  8;  lithographers,  4;  proof-reader,  1;  pressmen,  3; 
press  boy,  1;  stitchers  and  folders,  2;  engineer,  1;  laborer,  1. 

The  division  is  divided  into  three  subdivisions,  known  as  the  draughting  room,  print- 
ing room,  and  distributing  room,  each  with  a  capable  man  in  charge.  The  reports  foi 
the  several  subdivisions  are  given  below: 

DBAUGHTINO  BOOM. 

The  force  in  this  subdivision  consists  of  one  sergeant  in  charge  and  four  enlisted  men 
as  draughtsmen,  and  one  enlisted  clerk.  The  work  of  this  subdivision,  as  shown  below, 
.shows  a  slight  increase  as  compared  with  that  of  the  year  ending  June  30,  1885.  This 
increase  of  work  is  especially  noted  in  the  item  of  miscellaneous  drawings. 

Summary  of  work  executed  during  jiacal  year  1885-188S  in  the  drawfhiing  room^  Publications 

Division. 

Tri-daily  and  international  monthly  weather  charts,  reduced  by  pantograph. . .  2, 660 
Tri-daily,  monthly  weather  revjew,  and  other  miscellaneous  drawings  and  charts 

transferred  to  stone C56 

Forms  transferred  to  stone 17 

International  daily  charts,  prepared  for  transfer _ 240 

Miscellaneous  drawings  and  charts,  completed 548 

Drawings  and  maps  backed  vTith  cotton 13 

Printed  charts  inspected 225,000 

Charts  prepared  in  internaUonal  subdivision  of  draughting  rootn. 

International  daily  weather  charts,  completed 365 

International  monthly  weather  charts,  completed 12 

International  annual  weather  charts,  completed 1 

Miscellaneous  charts,  completed 20 

Monthly  weather  review  charts,  completed 40 

Data  for  monthly  weather  review,  sets 12 

PBINUNG  BOOM. 

The  force  in  the  printing  subdivision  consists  of  1  sergeant  in  charge,  7  printers,  4  lith- 
ographers, 1  proof  reader,  3  pressman,  1  press-boy,  2  stitchers  and  folders,  1  engineer  and 
1  laborer.  This  force  is  divided  into  15  enlisted  men  and  6  civilians.  With  the  excep- 
tion of  the  items,  Dally  Bulletin  of  International  Observationsr  and  Signal  Service  Notes 
and  Professional  Papers,  the  work  of  this  subdivision  has  been  quite  materially  increased, 
as  will  be  seen  by  the  tabulated  statement  below.  This  increase  has  taken  place  in  spite 
of  the  decrease  of  force,  and  of  the  fact  that  no  improvements  have  been  made  in  the  office 
iaci lities  during  the  year.     The  presaew  and  machinery  areold  and  arc  in  need  of  overlianl- 
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ing,  and,  in  some  instances,  of  replacement  by  new  and  improved  machinery.  Especi- 
ally is  this  true  of  the  lithographic  facilities,  which,  have  long  been  inadequate  for  the 
work  required  of  them.  There  has  been  a  steady  improvement  in  the  quality  of  the  work 
done  in  this  subdiviaion,  which  compares  very  fi^vorably  with  work  done  in  private  print- 
ing and  lithograph  establishments.  The  following  is  a  detailed  statement  of  the  work 
done  during  the  past  year: 

SUUemetU  of  printing  and  lithoffraph  work  performed  during  ike  year  ending  June  30, 1866. 

No.  of  oopict. 

Printing: 

Daily  bulletin  of  international  observations 2,520 

Spedal  bulletin  and  indications 20,300 

General  orders  - 33,950 

Spedal  orders 16,213 

Signal  Service  instructiona 13,660 

Signal  Service  circulars 43,450 

Professional  Papers... 1,600 

Signal  Service  Notes _ 1,500 

Monthly  Weather  Review ^ -  32,OT0 

Monthly  Summaiy  and  Review  of  International  Meteorology 7, 560 

Post-office  wrappers 485,000 

Letter-heads 9,660 

Letters _. 17,320 

Envelopes _ 602,900 

Forms _ 618,728 

Miscellaneous . 127,479 

Lithograph: 

Base  maps... 157,868 

Morning  maps,  7  a.  m 126,717 

International  charts,  daily . 35,484 

Monthly  weather-review  charts . 218,115 

Monthly  summary  charts 6,744 

Tri-daily  meteorological  reconl  charts 206,812 

Letter-heads 29,560 

Circulars 44,490 

Forma 245,488 

Miscellaneous _ ^ 149,922 

DISTBIBX7T7KQ  BOOM. 

• 

The  work  of  this  subdivision  consists  in  distributing  the  publications  of  the  Service 
to  the  regular  recipients  and  in  answering  applications  for  publications  from  parties  who 
are  not  regularly  listed  for  Uieir  receipt  To  secure  an  economical  and  proper  distribu- 
tion of  the  various  publications  of  tiie  Service  to  the  large  number  of  co-operators  with 
the  Service  and  parties  entitled  by  exchange  to  the  &vor,  requires  a  large  amount  of 
bookkeeping.  This  work  has  been  simplifiS  and  very  much  leaaened  by  vbe  opening  of 
a  new  set  of  books,  referred  to  in  my  la^  report,  in  which  the  lists  of  regular  and  casual 
recipients  are  handled  in  the  most  systematic  manner  possible.  The  limited  number  of 
surplus  copies  remaining  after  the  regular  lists  have  heea  filled  requires  careful  scrutiny 
of,  and  discrimination  in,  the  applications  received  for  them.  These  applications  are 
growing  rapidly  in  number,  and  great  care  is  taken  to  save  the  stores  from  improper  and 
valueless  distribution.  The  issue  of  the  periodical  publications  of  the  office,  the  daily 
weather  map,  the  Monthly  Weather  Review,  and  tihe  monthly  summary,  has  been  cai^ 
ried  on  with  promptness  and  with  little  complaint  To  this  subdivision  alao  belongs 
the  work  of  atoring  and  preserving  the  *'  reaerve  publicationa. "  During  the  paat  year 
these  publications  have  been  overhauled  and  rearranged,  entailing  a  huge  amount  of 
labor.  The  work,  however,  was  done  at  intervals, without  interference  with  the  current 
work  of  the  division. 

In  conclusion,  I  am  gratified  to  be  able  to  say  that  I  believe  the  division  to  be  in  better 
condition  than  at  my  last  report  as  leapecta  organization  and  effideney. 

F.  B.  JONES, 
Captain  and  Assittant  Quartermatierf  A.  &  O., 

In  charge  Publieaiiona  Division. 

The  Chief  Signal  Opfickb  of  thk  Army. 
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ANNUAL  REPORT  OF  THE  OFFICER  IN  CHARGE  OF  THE  METEOROLOGI- 
CAL RECORD  DIVISION. 

Washington,  D.  C,  July  9, 1866. 

8ib:  In  compliance  with  memorandum  inatnictions  lately  received,  I  have  the  honor 
to  transmit  herewith  a  report,  in  duplicate,  of  work  in  the  Meteorological  Record  Divis- 
ion for  the  year  ending  June  30,  1886. 

Since  March  4  the  work  has  progressed  very  slowly,  owing  to  a  reduction  of  the  clerical 
force  from  eleven  to  three.  With  the  latter  namber  the  work  has  been  carried  on  at 
much  disadvantage.  A  clerical  force  of  five  is  the  minimum  that  can  be  employed  to 
carry  on  the  work  without  loss  of  time. 

Veiy  req[iectfully,  your  obedient  servant, 

JNO.  P.  FINLEY, 
Second  Lieutenant^  Signal  CorpSj  U.  8.  Am 

Chief  Signal  Officsb  of  ths  Abmy, 

Waahington,  D.  0. 


StaiemaU  of  work  done  in  the  Meteoroloffieal  Record  Divieion  for  the  year  ending  June 

30,1886. 

• 

The  work  of  the  Meteorological  Beoord  Division,  when  completed  in  the  pzintedibrm, 
asBumes  three  distinct  divirions: 

(1)  The  tabular  statement  of  data  for  the  different  stations. 

(2 1  The  map  prepcu:ed  from  the  data  in  this  table. 

(3)  The  symoiBiB  and  indications  made  from  the  same  data. 

In  bringing  the  work  to  this  form  the  following  steps  are  necessary: 

(1)  reparation  firom  original  records  of  manuscript  for  the  table. 

(2)  Comparison  of  this  table,  when  completed,  with  the  originals. 

(3)  "  Starring  "  or  marking  of  stations  from  which  reports  were  not  received  in  time 
to  be  used  in  making  the  qrnopsis  and  indications. 

(4)  Entry  upon  charts  of  the  data  in  the  table. 

i6)  Comparison  of  these  charts  with  the  data  from  which  they  are  made. 
6)  The  drawing  of  isobaric  and  isothermal  lines  and  tracing  the  paths  of  storm  cen- 
ters on  these  charts,  with  a  review  of  the  same  by  some  other  officer  than  the  one  by 
whom  tiiey  were  drawn. 

(7)  The  entry  ftnd  comparison  of  synopses  and  indications  made  from  the  above  data. 

(8)  Beading  proof  of  the  tabular  statement  and  synopses  and  indications. 
(0)  Reading  t>roo&  (three)  of  maps. 

(10)  Preparation  of  Pacific  slope  maps  for  use  of  the  officer  in  charge  at  San  Francisco. 
This  forms  no  part  of  the  Meteorologiod  Becord,  but  has  come  to  be  a  regular  work  in 
this  division. 

In  the  subjoined  table  the  work  performed  is  recorded  under  these  difierent  headings, 
the  order  of  this  statement  being  changed  so  that  all  of  the  different  steps  pertaining  to 
each  of  the  three  ultimate  divisions  may  appear  as  one  group: 
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MS.  Becord. 

MS.  Charts. 

Synopses 
and    indi- 
cations. 

Pacific 
slope 
xuaps. 

Date. 

• 

1 

8 

g 

1 

Stations  com- 
pared. 

• 

1 

« 

IS) 
ft* 

«■*••■•■ 

183 

1 

Pi 

59 

06 

108 

8 
8 

• 

• 

a 
5 

• 

1 
3 

i 

1 

1 

1 

! 

1 

•og 

Gu 

0 

» 

O 

CO 

•  ■••«.•• 

120 

"'86* 

66 

72 

45 

4 

m 

V. 

O 

o 
»-■  . 

83 
52 

46 
00 
62 
41 

c 

"io" 

■ 

S 

6 

90 
183 

10 

0 

li 

•  ••«•••• 

•  «*•«••« 

•  ••••••• 

"m" 

152 
50 

14 

•  ••«••• 

•  ••••••• 

ee 

1 

a 

July,  1885 

Aup.,1885 

Sept.,  1885 

Oct.,  1885 

U7 

2 

53 

57 

50 
15 
2 
347 
425 
83:{ 
237 

53 

12 

""mo" 

207 

56 

765 

67 

•  ••••*•• 

9 

57 

118 

"ss" 

93 

62 
20 

872 
1.239 
1,185 

104 

"a»" 
"iS" 

93 
93 

465 
1,46t 

12 
142 
75 
30 
74 
81 

"c" 

4fi2 

813 

Nov..  1885 

201    

Dec..  1885 

32 
287 
768 
144 

178 

3m 

Jan.,  1886 



Feb..  1886 

, 

Mar.,  1886 

283 

— ..  .-- 

•••*•••• 

Apr..  18H6 

63 
159 
103 

108 

I 

May.  1886, 

75 
93 

8 
10 

June,  1886 

13 

•«■••••• 

16 

369 

"**** 

Totals 

1,396 

1,101 

183 

295  !l,6S>  1.323 

1            1 

471 

6 

397 

333 

308 

10 

28;^ 

310 

3,629 

3,933 

Note.— Old  records  were  corrected  as  follows :  Cairo,  barometer  for  19  months;  Cincinnati, for  13 
months;  Indianapolis,  14  moutlis;  Fort  Davis,  5  months ;  Los  Angeles,  16 months;  Louisville.  16 
mouths;  Rochester,  6 months;  Saint  Louis,  13  months;  Saint  Vincent,  10 months ;  and  Yuma,  2 
months.  Two  pages  of  January,  18i2,  record  were  recopied.  The  thermometer  readings  in  the 
Uglaamie  record  were  corrected  to  agree  with  the  printed  official  report,  and  relative  humidity 
substituted  for  the  readings  of  the  wet-bulb  thermometer  for  the  entire  pieriod  during  which  the 
station  hud  been  maintuined.  Time  equal  to  about  two  months*  work  for  one  person  was  given  to 
ezumination  and  special  report  upon  work  already  dono  and  to  the  correction  of  such  imperfec- 
tions in  the  synopses  and  indications  as  could  be  done  without  reference  to  the  original  copies.  A 
Kcries  of  fourteen  maps,  January,  1836, 6lh,  3  p.  m.  to  10th,  U  p,  m.,  waa  made  for  the  Indications* 
Division  from  the  original,  records. 
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REPORT  OF  TORNADO  WORK, 

Signal  Officjs,  Wab  Depabtment, 

WaahingUm  OUy,  Juiy/S,  1886. 

SiB:  In  oompliaiice  with  instractions  lately  received,  I  have  the  honor  to  forward  here- 
itb,  in  dnpUoite,  a  report  on  tornado  work  for  the  year  ending  Jane  30,  1886. 
I  am,  Yeiy  respectfhlly,  yonr 'obedient  servant, 

JNO.  P.  FINLEY, 
Second  Lieutenant^  Signal  Corps,  U,  S.  A. 

The  Chief  Signal  Offices,  U.  S.  A., 

WaBhin^n,  D.  C. 


List  of  voUuUary  tornado-r^^rUng  stations  of  the  United  States  Signal  Servicef  hy  Stales,  for 

the  fiscal  year  ending  June  30,  1886. 


State. 


•••••••••••••••••••••••••a  ••••••••••••••••«•■  •  •  •••••• 

•••••  «  «  «  •••••• 


Oolondo...... 

Oonneotknt....... 

Florida  .....m. 

Georgia............. 

Illiiioifl.......M...... 

Indiana «... 

Indian  Territory 
Iowa... 


Loaldana. 
Maine. — 


Uidiigan.. 
Mlnneflota. 


I 


a 

4 


83 
26 

I 
IS 

1 
38 

2 

141 

88 

90 

1 

83 

131 

85 

10 

6 

6 
23 
77 


State. 


MisBlflolppi 

Miflsoari.. 

Kobraaka. 

New  Hampohlre. 

New  Jersey. 

New  York 

North  Carolina... 

Ohio.. 

Pennsylvania .... 

Rhode  Island 

South  Carolina.., 

Tennessee 

Texas 

Vermont 

Virginia 

West  Vinrinia..... 
Wisconsin 


Grand  total. 


29 

71 

84 

1 

6 

87 

]28 

ffl 

70 

1 

114 

:» 

(HI 

1 

3 

1 

102 


1,5G2 


Stations  In  operation  Jane  80, 1885 

Stations  added  dnring  the  past  flsoal  year , 
Stations  In  operation  Jane  80, 1880 , 


1,385 

177 

1,5C2 


806 
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■e  April,  1883,  wkeit  Ioumm«d  charge. 


■ou  of  18S1,  UeS,  ud  1888. 


SoiemtiUtftPorbpeifermedin  Tornado  Divitun  during  the  flteal  gear  ending  June  M,1SSIL 


Sul^ect. 

L 
It 

1 

. 

1 

1 

1 

i 
1 

1 

3 

1 

i 
1 

1 

SSsS;:E=E= 

,....- 

RoiKirU  racclvod  on  ToEUlar  fonni....^ 

— 

....... 

n? 

W> 

,!!^|= 

™: 

:::: 

:.= 

i~ 

_ 

rz 

ciJSKSl'S'rSSdop^ai^i::::::;;;- 

, 

""■■■ 

■iii 

— 1 

™ 

— 

— 

— 

*  Elsbt  mcinthB  and  twontT  dB]n. » 
t  Preparod,  but  aot  pabllaaed. 
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MISCELLANBOUS. 

One  professional  paper  is  now  in  conise  of  preparation,  npon  which  the  following  work 
has  been  acxsomplished:  Thirty-four  State  maps  have  been  careinlly  drawn  on  tracing 
poper,  upon  which  has  been  located  the  tracks  of  all  of  the  tornadoes  reported  as  occnr- 
ruiff  in  the  various  States  and  Territories  since  the  10th  of  June,  1682.  Two  hundred 
and  fonrteen  pages  of  tabulated  tornado  records  have  been  prepared,  embracing  the  period 
fh>m  1682  to  1885,  inclusive. 

Fifty-five  pages  of  sundry  matter,  mostly  tables,  have  also  been  prepared. 

It  will  require  about  one  month  of  steady  work  to  complete  the  manuscript  for  this 
paper. 

Daring  the  year  ending  June  30, 1886,  the  manuscript  for  a  paper  entitled  **  Charts  of 
Storm  Frequency  for  a  portion  of  the  North  Atlantic  Ocean '*  was  prepared  and  sub- 
mitted. 

Nearly  three  iiiontlis*  work  for  one  mun  was  given  to  the  examination  of  old  records 
in  the  Congressional  Library  and  in  the  office  of  the  Chief  Signal  Officer  for  the  purpose 
of  obtaining  information  concerning  the  occurrence  of  post  tornadoes. 

C^rd  indices  for  over  1,500  storms  were  prex>ared  for  the  tornado  and  local  storm  rec- 
ord books. 

Very  respectfully,  your  obedient  servant, 

JNO.  P.  FINLEY, 
ikcond  LieutetiaiU,  Signal  Corps,  U.  8.  Army. 

13  SIG 
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REPORT  OF  THE  ASSISTANT  IN  CHARGE  OF  THE  STUDY  DIVISION. 

Study  Division,  J«/y  15,  1886. 

SiB:  I  have  tbo  honor  to  submit  the  followiog  report  of  work  done  in  the  Study  Di- 
vision daring  the  year  ending  June  lii),  1886: 
The  work  assigned  to  this  division  m  ly  bs  arranged  under  the  tuUowing  heads: 

scikxtifk:  C'OKBESPONDENCK. 

Six  hundred  and  forty  letters  relating  to  scientific  matters  have  been  referred  to  this 
room,  on  which  appropriate  action  has  been  suggested.  Amoug  these,  those  reciuiiiii}; 
special  attention  related  to  questions  in  hygrometry,  hypsometry,  evaporation,  solar  ra- 
diation, thunder  storms,  tornadoes,  sun  spot  and  lunar  influences  on  the  atmosphere, 
cloud  measnrements,  new  stations,  and  publications. 

ACCURACY  OF  ARCTIC  GEOGRAPHY. 

A  thorough  examination  was  made  us  to  the  reliability  of  the  sextant  observations 
made  by  Lieutenant  Lockwood  during  his  sledge  journey  on  the  north  coast  of  Green- 
land, in  which  he  reached  the  **  farthest  north,"  and  the  results  were  found  to  be  highly 
satisfactory.  The  report  thereon,  made  by  G.  £.  Curtis,  will  appear  as  an  appendix  to 
Lieutenant  Greely's  ofiScial  report  of  the  expedition  to  Jjody  Franklin  Bay. 

TABLE  FOB  RKDUCTIOX  OF  OBSERVATIONS. 

The  table  of  monthly  constants  for  reduction  of  the  barometer  to  sca  level  has  lieen 
corrected  for  current  changes,  which  are  given  in  Appendix  A.  The  usual  reprint  of 
the  table  has  not  been  made,  owing  to  the  fact  that  a  much  improved  method  hiis  been 
prepared  to  replace  it.  Much  time  hns  been  given  in  this  division  to  the  discnssiou  <ir 
the  details  of  the  proposed  system  of  reducing  the  barometer  to  sea  level,  and  finally 
all  papers  were  referred  to  Professor  Ferrel,  with  instructions  to  decide  on  the  questions 
at  issue  and  to  prepare  the  tables. 

LOCATIONS  OF   STATIONS. 

The  latitude,  longitude,  elevation,  and  magnetic  variation  of  Signal  Service  and  vol- 
untary stations  have  been  furnished  as  needed.  In  proportion  as  the  barometric  work 
of  the  service  becomes  more  accurate,  the  errors  of  crude  railroad  levelings  become  more 
troublesome,  so  that  it  is  becoming  more  and  more  desirable  that  the  elevations  of  our 
stations  should  be  based  upon  accurate  levels  made  by  the  Coast  and  Geodetic  Survey. 
A  table  compiled  by  Professor  Hazen,  containing  the  elevations  of  the  barometers  at  all 
stations  in  the  service  on  January  1,  1885,  is  given  in  Appendix  B,  together  with  all 
changes  since  that  date. 

EXPOSURE  0I«  INSTRUMENTS. 

(a)  Barometer, — No  change  has  been  made  during  the  year,  but  I  consider  it  of  increas- 
ing importance  for  this  office  to  make  the  investigation  recommended  in  my  last  annuiil 
report  as  to  the  influence  of  wind  upon  the  pressure  within  the  observer's  room.  A 
schedule  of  preliminary  observations  at  Mount  Washington  bearing  upon  this  point  has 
been  submitted  and  approved. 

(h)  Tficrmomder. — The  question  as  to  the  proper  exposure  of  thermometers  in  order 
to  obtain  the  t^cniperature  of  the  air  in  their  immediate  neighborhood  having  been  de- 
cided by  tlie  a(loi)ti()n  of  the  wliirling  thermometer  inside  of  a  light  and  open  wooden 
shelter,  the  principal  rjrnaininj^  (luestiou  for  this  division  has  lieen  the  location  of  the 
shelters.  For  local  climatology  these  should  evidently  be  placed  so  as  to  give  the  loc*al 
temperatures  with  all  their  peculiarities;  but  for  weather  predictions  or  general  dynamic 
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meteorology,  the  shelter  shoald  be  so  phiml  by  elevation  or  otherwise  as  to  give  a  tern- 
pcratare  representative  of  a  large  mass  of  air.  The  inspection  reports  are  regnlarly  ex- 
amined, and  special  inquiries  are  made  for  the  purpose  of  detecting  any  irregnlarities  in 
Signal  ServiTce  exposures. 

(c)  Anemometer  and  rainr gauge. — Special  comparative  observations  have  been  made  dur- 
ing the  year  between  anemometers  located  iu.and  around  Washington,  and  a  report  has 
been  made  upon  the  relative  velocities  recorded  at  neighboring  Signal  Service  stations 
throughout  the  country. 

Observations  on  the  influence  of  exposure  upon  the  collection  of  the  rain-gauge  have 
continued  to  be  made  at  about  one-third  of  the  Signal  Service  stations,  including  a  special 
scries  at  Mount  Washington.  From  all  these  it  is  evident  that  a  correct  determination 
of  the  general  wind  velocity  and  precipitation  can  be  obtained  only  by  locating  the  in- 
struments away  from  the  disturbing  influences  of  the  buildings  upon  which  they  are  at 
present  very  generally  exposed.  Even  in  improved  locations  outside  of  city  limits  it 
will  still  bo  important  to  determine  the  small  coefficients  necessary  to  correct  the  ane- 
mometer readings  for  the  eflect  of  exx>osure  and  locality,  and  a  plan  to  that  end  is  now 
in  hand. 

Solar  radiation  thermometer. — Studies  as  to  methods  of  eliminating  theefiect  of  expos- 
nro  upon  the  Arago-Davy  actinometer  have  been  postponed  in  anticipation  of  the  receipt 
of  the  standard  instrument  ordered  over  a  year  ago.  Meanwhile  the  theory  of  the 
auxiliary  apparatus  has  been  more  carefully  elaborated  and  the  experimental  work  as 
planned  will  be  submitted  to  the  physical  laboratory  for  execution. 

TIME. 

A  full  report  lias  been  submitted  upon  tha  details  of  the  construction  of  the  standard 
clock  and  the  method  proposed  for  securing  standard  time  of  the  highest  accumcy  for  the 
use  of  our  stitious.  This  report  completes  the  transfer  of  this  work  to  the  physical 
laboratory. 

BALIXX)N  OBSBEVATIONS. 

The  report  of  results  obtained  by  Private  W.  H.  Hammon  has  been  completed  under 
my  own  and  Professor  AlendenhalPs  joint  supervision,  and  an  introductory  chapter  by 
myself  has  been  partly  written.  The  temperatures  and  humidities  observed  by  him  are  ot 
so  high  a  degree  of  accuracy  as  to  justify  special  care  in  their  comparison  with  meteoro- 
logical laws. 

Through  the  kindness  of  Messrs.  James  Allen  &  Son,  of  Providence,  R.  I.,  an  op- 
portunity was  aflbrded  for  making  meteorological  observations  in  a  balloon  on  June  24, 
1886.  This  duty  was  assigneil  to  junior  professor  H.  A.  Hazen  at  his  request,  and  his 
report  has  been  submitted. 

On  account  of  the  importance  of  securing  the  fullest  information  as  to  the  construc- 
tion and  management  of  balloons  for  both  military  and  meteorological  purposes,  Prof. 
B.  A.  King  was  temporarily  engaged  and  assigned  to  the  duty  of  compiling  a  manual  on 
ballooning.  This  work  was  completed  and  will,  it  is  hoped,  be  printed  for  the  use  of  the 
service.  The  importance  of  balloon  observations  in  the  study  of  the  atmosphere  has 
been  urged  of  late  by  meteorologists,  both  theoretical  and  practical.  The  anomalous 
phenomena  frequently  observed  stimulate  to  a  more  thorough  study  of  the  atmosphere 
by  this  means. 

INSTRUCTION. 

The  course  of  instruction  for  lieutentants  at  this  office  has  included  a  series  of  fifty- 
eight  lectures  of  about  two  hours  each  by  myself,  covering  the  following  subjects:  Me- 
teorological apparatus,  meteorological  chartography,  the  various  optical  and  tiiermal 
phenomena  due  to  moisture,  the  vertical  distribution  of  temperature,  pressure  and 
moisture,  some  of  the  results  of  FerrePs,  Guldberg  and  Mohn's,  Ob^beck's,  and 
Spnmg's  studies  into  the  development  and  movement  of  storms.  These  lectures  can 
lie  prepared  as  a  text-book  for  the  use  of  the  office.  Prof.  W.  M.  Davis,  of  Harvard  Uni- 
Teisity,  has  reported  progress  in  the  preparation  of  an  elementary  text-book  on  mete- 
orology. 

MISCELLANEOUS. 

Considerable  attention  has  l)ecn  given  to  the  character  and  usefulness  of  the  sunset 
weather  predictions  telegraphed  at  midnight  for  the  use  of  the  indications  officer;  re- 
ports thereon  have  been  submitted  recommending  improvements.  Much  of  my  time 
during  the  year  has  been  given  to  work  as  a  member  of  the  board  on  veriflcations,  the 
board  on  publications,  and  the  board  of  professors. 
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PUBLICATIONS. 

The  foUowiDg  published  articles  have  been  prepared  by  Prof.  II.  A.  Hazen: 

The  Condensing  Hygrometer  and  the  Psychrometer,  American  Joomal  of  Science, 
December,  1885;  Determination  of  Air  Temperature,  American  Meteorological  Joornal, 
October,  1885;  Notes  on  Professor  Wild's  article  on  the  determination  of  air  tempei»- 
tnre,  American  Meteorological  Journal,  January,  1886;  Thermometer  Ezpoeare,  Ameri- 
can Meteorological  Journal,  June,  1886. 

The  following  papers  prepared  by  members  of  this  division  have  been  accepted  for 
publication  but  not  yet  printed: 

Recent  mathematical  papers:  Professional  paper  No.  YIII,  Part  II,  by  Janior  Professor 
Frank  Waldo. 

Note  on  a  solar  fog-bow,  by  Junior  Professor  Frank  Waldo. 

Report  on  barometric  comparisons  in  Europe  and  the  United  States;  abstract  of  the 
same;  by  Junior  Professor  Frank  Waldo. 

Report  on  the  standard  clock;  by  Junior  Professor  Frank  Walda 

Charts  of  storm-tracks  for  the  North  Atlantic  Ocean;  by  Lieutenant  J.  P.  Finley. 

Balloon  manual;  by  Professor  S.  A.  King. 

Sun  spots  and  weather  predictions;  by  Professor  Cleveland  Abbe. 

Thunder  storm  of  1884;  by  Junior  Professor  H.  A.  Uazen. 

Report  on  the  sextant  observations  made  by  Lieutenant  Lockwood  on  the  north  coast 
of  Greenland;  by  G.  E.  Curtis. 

The  following  translations  have  been  prepared  for  the  use  of  this  office: 

Report  to  the  international  committee,  August,  1886,  on  observations  of  clouds. 

Discussions  in  the  Comptes-Rendus  on  the  effect  of  the  earth's  rotation  on  moving 
bodies. 

BIBUOOEAPHY. 

The  compilation  of  a  complete  subject  and  author  index  to  the  literature  of  meteorol- 
ogy has  been  continued  under  the  special  supervision  of  Mr.  C.  J.  Sawyer,  who  submits 
the  following  report: 

On  July  1, 1885,  the  bibliography  consisted  of  a  card  author  catalogue  of  47, 191  titles, 
22,191  having  been  added  by  me  to  the  material  on  hand  at  my  assignment  as  editor  of 
the  bibliography,  March  4,  1884..  The  work  of  the  past  year  has  been  chiefly  the  col- 
lection of  new  titles,  the  correction  and  completion  of  those  already  on  hand,  the  forma- 
tion of  a  subject  classification,  the  actual  deification  of  the  titles  by  subjects,  and  the 
preparation  of  an  author  index. 

The  work  of  collecting  material  has  consisted  of  indexing  periodicals,  the  examination 
of  printed  catalogues  and  special  bibliographies,  and  manuscript  catalogues  and  bibliog- 
raphies furnished  by  co-operating  scientists,  chiefly  abroad,  and  of  the  incorporation  of 
new  titles  from  147  lists  of  their  works  furnished  by  individual  authors. 

The  net  additions  during  the  year,  and  the  total  number  of  titles  in  the  bibliography 
at  present,  are  as  follows: 

NewtiUos. 

Periodicals,  3,375  volumes 3,588 

Published  catalogues  and  bibliographies,  183  volumes 1,259 

Manuscript  catalogues  and  bibliographies -- - 833 

Author's  lists  (5,000  titles) 899 

Total  additions  1885-»8G _ 6,579 

Titles  in  bibliography  July  1 ,  1885-_. 47,191 

Titles  in  bibliography  July  1,  1886 63,770 

In  addition  to  the  new  titles  obtained,  this  work  has  been  of  the  greatest  importance 
in  affording  a  constant  means  of  correction  and  completion  of  the  titles  already  on  band. 
The  author's  lists  are  especially  valuable  in  insuring  a  full  and  accurate  representation 
of  the  works  of  their  respective  compilers. 

The  most  important  special  collection  work  of  the  year  has  been  the  incorporation  of 
the  meteorological  titles  from  the  card  catalogue  of  the  Signal  Office  library,  and  from 
the  index  catalogue  of  the  Surgeon-GeneraPs  office.  I  am  indebted  to  Dr.  J.  S.  Billings 
for  permission  to  examine  the  unpublished  portion  of  the  latter  catalogue,  and  for  facili- 
ties afforded  for  periodical  indexing  in  the  library  of  the  office. 

The  classification  adopted  is  based  on  a  plan  prepared,  at  the  request  of  this  office,  by 
Dr.  A.  I^ancostcr,  of  Drussels,  wliicli,  after  ciireful  study  and  full  revision,  was  submit- 
ted for  criticism  to  Hcveral  gentlemen  especially  interest-ed  in  the  subject.  I  am  indebted 
for  valuable  suggestions  to  Prof.  T.  C.  Mendeiihall,  of  this  office;  Prof.  Winslow  Upton, 
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of  Brown  University;  Mr.  W.  M.  Davis,  of  Harvard  College;  Prof.  G.  J.  Symons,  of  Lon* 
Hon;  Prof.  E.  S.  Holden,  of  the  University  of  California;  Prof.  E.  IjOoiuLs,  of  Yalo  Col- 
lege, and  to  the  members  of  the  study-room. 

The  clarification  of  titles  was  b^un  about  February  1,  and,  with  the  preparation 
of  the  author  index,  has  constituted  the  chief  work  since  that  time.  With  this  work 
of  classification,  however,  is  combined  that  of  a  careful  revision*  of  the  material  on 
hand.  Constant  effort  is  made  to  supply  omissions  and  to  insure  fullness  and  accoiacj; 
periodical  indexing  is  continued  as  volumes  desired  are  obtained,  and  <»ire6pondenoe  13 
maintained  with  authors  in  this  country  and  abroad.  The  greatest  difficulty  is  experi- 
enced in  securing  a  complete  representation  of  the  publications  of  the  various  meteoro- 
logical observatories  and  services,  especially  the  earlier  series  of  observations.  To  the 
coortesy  of  the  present  directors  of  these  institutions  I  am  indebted  for  much  valuable 
information  furnished  at  the  request  of  this  office. 

Classification  by  titles  is  so  unsatisfactory  that  reference  to  the  works  themselves  is 
ofl^i  absolutely  indispensable,  and  always  desirable.  For  this  purpose  I  have  drawn 
upon  all  available  resources  and  am  under  great  obligations  to  the  librarians  of  the  city 
for  special  &ciiities  for  reference  afibrded  me. 

The  form  of  author  index  adopted  is  that  employed  by  Drff  Houzeau  and  Lancaster 
in  their  ^'Bibliographie  g6n4rale  de  1' astronomic,''  giving  under  the  author,  for  each 
title,  first,  an  abbreviation  of  the  subject  subdivision  under  which  it  is  classed;  second, 
the  date  of  publication;  third,  the  reference.  The  index  is  being  prepared  by  my  assist- 
ant, private  E.  H.  Hilton,  to  whose  systematic  and  thorough  work  the  value  of  the  bib- 
liography and  index  will  be  largely  due. 

The  classification  has  now  advanced  to  *^Fe,"  embracing  about  15,000  titles,  and  the 
author  index  to  ^^Du,"  including  about  3,365  authors.  The  progress  in  classification 
was  necessarily  'low  at  first,  the  work  being  largely  experimental,  but  the  present  rate 
of  progress  is  such  as  to  insure  the  completion  of  the  preliminary  classification  and  au- 
thor index  and  their  revision  during  the  present  year. 

In  the  work  on  the  bibUography  constant  regard  has  been  paid  to  the  possible  neces- 
sity for  its  use  as  a  card  catalogue  until  provision  be  made  for  its  publication,  and  both 
the  subject  catalogue  and  author  index  are  in  the  best  form  yet  invented  for  such  use. 
But  a  card  catalogue  is  available  to  but  few,  and  is  adapted  for  use  by  a  librarixm  pr^ 
liminary  to  printing  and  for  securing  a  catalogue  always  up  to  date  only.  For  general 
reference  it  can  never  take  the  place  of  a  published  catalogue.  The  completeness  and 
accuracy  of  the  bibliography  has  been  rendered  possible  only  by  the  hearty  co-operation 
of  foreign  meteorologists  and  librarians,  and  the  constant  assistance  received  from  them 
renders  the  work  an  international  one,  and  emphasizes  the  absolute  necessity  of  an  im- 
mediate publication.  It  is  of  the  greatest  importance,  not  only  to  our  office,  but  to  the 
scientific  world  at  large,  by  whose  aid  it  has  been  compiled. 

In  my  original  report,  dated  March  14,  1884,  shortly  after  my  assignment  in  charge  of 
the  bibliography,  I  estimated  the  final  number  of  titles  to  January  1,  1862,  as  40,500; 
the  delay  in  publication  has  permitted  more  extensive  additions  than  then  contemplated, 
and  the  following  estimates,  based  on  the  revision  and  classification  of  the  first  15,000 
titles  of  the  bibliography,  may  be  of  interest: 

Of  the  whole  number  of  titles  in  the  bibliography,  about  52,000  are  previous  to  Jan- 
nary  1, 1882,  the  limit  of  the  bibliography  as  originally  planned  and  as  now  under  classi- 
fication; the  balance  form  an  incomplete  supplementary  catalogue  of  later  publications. 
Careful  estimates  show  that  the  52,000  titles  will  be  reduced  in  revision  and  classifica- 
tion to  about  47,000;  this  number  will  be  increased  hy  double  classification  to  about 
50,000,  of  which  5,000  will  be  classed  as  obsers'ations,  to  be  arranged  later  by  countries 
and  districts,  with  indices  of  places,  observers,  and  periods.  Of  the  balance,  about 
42,500  belong  to  meteorology  proper,  and  2,500  to  terrestrial  magnetism. 

The  fntore  work  will  be  the  completion  and  revision  of  the  classification  and  author 
index,  preparation  of  a  periodical  list  and  alphabetical  subject  index,  followed  by  final 
revifiion  of  titles  and  technical  preparation  for  publication  when  provided  for. 

THUNDEB-STOBMS. 

The  collection  and  study  of  thunder-storm  data  has  been  carried  on  under  the  special 
supervision  of  Prof.  H.  A.  Hazen,  who  submits  the  following  report: 

The  work  of  collecting  special  thunder-storm  reports,  undertaken  in  1884,  has  been 
continned.  A  special  thunder-storm  form  for  the  use  of  the  regular  Signal  Service  ob- 
servers has  been  prepared,  and  these  records  are  now  directly  comparable  with  those  by 
special  observers^  Nine  thousand  one  hundred  and  forty-five  special  reports  have  been 
received  and  filed,  in  addition  to  the  reports  of  voluntary  and  Signal  Service  observers. 
A  report  on  the  thunder-storms  of  1834  has  been  prepared  for  publication.  There  has 
also  been  prepared  and  published  in  tlio  Monthly  Weather  Review  for  October,  1885,  a 
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note  on  the  connection  between  tides  and  thandcr-stornvi;  rcx)orts  on  thunder-storms  for 
April  and  May,  1886|  have  lyecii  c^mpilcil  i  roni  all  records  available,  and  printed  in  the 
numbers  of  tho  Weather  Review  for  the  corresponding  months.  Very  extended  records 
of  the  thnnder-storms  accompanying  the  destructive  storms  of  September  8, 1885,  in 
Ohio,  have  been  collected  and  a  study  of  them  has  been  begun. 

TOBNADOES. 

The  collection  and  study  of  tornado  data  was  carried  on  as  hitherto  under  the  general 
supervision  of  Lieutenant  Finley,  until  its  removal^  May  13, 1886,  to  a  separate  division 
entirely  under  his  control. 

Reports  on  methods  of  verifying  tornado  predictions  have  been  made  by  Prof.  H.  A. 
Hazen  and  Sergt  G.  E.  Curtis. 

In  general  the  quantity  of  work  accomplished  in  this  division  during  the  past  year 
has  been  materially  diminished,  not  only  by  the  diminution  of  clerical  force  and  the 
transfer  of  the  tornado  subdivision,  but  also  by  the  illness  of  Professor  ^V'aIdo,  who  has 
l>ecn  on  sick  leave,  and  by  reason  of  an  unfortunate  accident  to  myself. 

Respectfnlly  submitted. 

CLEVELAND  ABBE, 
,  I^ofcssor  and  AssistajU. 

The  CiiTKF  Signal  Officer  of  the  Aemy. 


Appendix  19  a. 

The  following  additions  to  and  changes  in  the  table  of  monthly  constants  for  the  reduc- 
tion of  barometric  observations  to  sea  level  and  standard  gravity,  as  issued  in  General 
Orders  No.  6,  1885  (and  published  as  Appendix  GG  b,  annual  report  of  the  Chief  Signal 
Officer  for  1885),  have  been  authorized  daring  the  year  ending  June  30,  1886: 


Statton. 


PortUnd,  Orcg^.. 
c:ionoordia,  Kans>. 
Valentine,  Nebr^.. 
San   LfUis   Obi»- 

po,  Cal» 

Abilene,  Tex* 

Ft.Stockton,Texi. 
Ft.  Totten.Dak*.. 
Walla  Wiilla, 

Wash* 

Yankton,  Dak^... 
Vk'k»4bur(c,  Mias^.. 
I^>H  Ani;cles,CaP. 
.Siinford,  Fla^ 


§ 


80 

2,603 

270 

1,745 

B  3,000 

1,490 

1.018 

l,2.tl 

22-i 

«'J 

IVJo 


Combined  reduction  constant  (jgrayity  and  elevation)  for  each  month. 


a 

08 


0.09 
1.54 
2.8G 

0.27 
1.88 
3.10 
1.77 

1.15 
1,43 
0.21 

o.;m 

-0.01 


V 


0.09 
1.63 
2.8^1 

0.27 
1.88 
3.00 
1.75 

1. 15 
1.431 
0.21 
0.31 
—0.01 


O.OD 
1.51 
2.80 

0.27 
1.85 
3.04 

1.72 

1.12 

1.3;) 

0.21 

0.3.J 

—0.01 


. 
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• 

u 

kb 

a 

^ 

0.09 

0.09 

1.47 

1.42 

2.72 

2.G3 

0.27 

0.26 

1.82 

1.79 

2.99 

2.97 

1.G6 

1.59 

i.n 

1.09 

1..3.1 

1.29 

0. 20 

0. 20 

o.:)3 

0. ;« 

—0.01 

—0.01 

■ 

o 

s 

9 

• 

3 

0.(R) 

bo 

s 

< 
0.09 

P       Sept. 

• 

0.09 

0.09 

0.00 

1.40 

1.39 

1.39 

1.42 

1.46 

1.51 

2.57 

2.56 

2.56 

2.63 

2.70 

2.81 

0.26 

0.26 

0.26 

0.26 

0.26 

0.27 

1.75 

1.76 

1.74 

1.79 

1.82 

1.89 

2.88 

2.90 

2.90 

2.92 

2.99 

8.09 

1.56 

1.&1 

1.55 

1.59 

l.M 

1.71 

1.08 

1.06 

1.07 

l.OS 

1.11 

I.IS 

1.2S 

1.27 

1.27 

1.30 

1.3^1 

1.39 

0. 20 

0.20 

0.20 

0.20 

0.21 

0.21 

0.33 

0.3.3 

0.33 

0.33 

0.33 

0.83 

—0.01 

—0.01 

-O.Ol 

-O.Ol 

-0.01 

-0.01 

& 


0.09 

2.SS 

0.27 
L90 
8. 10 

i.a> 

1.14 
1.44 
0.21 
a34 
MX  01 


1  Moved  AugUBt  1, 18S5. 
3  New  station. 
>  Re  vised  elevation. 
«MoTed  Nov.  1,1885. 


s  Moved  May  1,1886. 

<i  Moved  May  11, 1886. 

7  Revised  elevation. 

0= Barometric  determination. 
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Appendix  19  b. 

Stndy  Division — Annual  report 
Latitude^  longitude,  and  elevation  of  Signal  Service  baromcicra. 


Siations. 


Abilene,  Tex. 


Albany,  N.  Y 

Alpena,  Mich 

Apache,  Port,  Aris^ 

Aasinahoine,  Fort,  Moot. 

Atlanta,  Oa ^ 

AtJantio  City,  N.  J.. 

Au^uBia,  ua  •«•••••■••.•••••••••*•••• 

Baltimore,  Md 

liarnegat  City,  N.  J 

Behrinflr'a  Island,  Behrln^  Sea 

BenneU,  Fort,  Dak 

Benton,  Fort,  Mont 

Bidwell,  Fort,  Gal 

Bismarck,  Dak 

Block  Island,  R.  I 

Boise  City.  Idaho 

Boston,  Mass. ^ 

Bridger,  Fort.  Wyo ^ 

Brownsville,  Tex. 

Buffalo.  N.  Y.. „.... 

Bufoid.  Fort,  Dak 

Cairo.  Ill 

ainby,Fort,  Wash. 

Cape  Henry.  Va. 

Cape  May,  N.  J 

Cape  Mendocino,  Gal 

Cedar  Keys,  Fla 

(Charleston,  8.  C 

Charlotte,  N.  C 

Chattanooga,  Tenn 

Olieyenne.  Wyo ~« 

Chicago,  111 

ChinootMgne,  Va. 

Clndnnatr  Ohio 

Cleveland,  Ohio 

Columbus,  Ohio 

Concho,  Fort,  Tex 

Concordia,  Elans. 


Custer,  Fort,  Mont.. 
Davenport,  Iowa.  .. 
Davis,  Fort.  Tex.. ... 

I>ayton,  Wash 

]>eadwood.  Dak 

I>envor,  Colo 

Ihsn  Molncii,  Iowa... 

I>etroit.  Mich 

IkxlgoCity,  Kans... 

Dobuque,  Iowa 

Dulutb.  Minn 

Eaatport,  Me 

Elliott,  Port,  Tex. .. 

El  Paso,  Tex.. 

Erie,  Pa 

Escanaba,  Mich 

Fort  Smith,  Ark 


Frisco,  Utah 

Galveston,  Tex.. 

(inmd  Haven,  Mich. 

Onuit,  Port,  Ariz. 

Greencastle,  Ind. 

Hattenis,  N.  C. 

Helena,  Mont 

Huron,  Dak 

Indianapolis,  Ind 

Indianola,  Tex... .... 

Jackaonville,  FU.  ... 


Latitude. 


o  / 

32  H 

42  80 

45  5 

33  48 
48  32 
33  45 
39  22 
33  28 
39  18 

39  46 
65  12 

44  43 

47  50 
41  53 

46  47 

41  10 

43  37 

42  21 

41  28 
25  53 

42  53 

48  0 
87  U 
46  16 

36  56 

38  56 

40  26 

29  8 
32  47 
35  13 
.35  4 

41  8 
41  52 

37  55 

39  6 
41  30 
39  58 
31  25 
39  35 

45  42 
41  30 

30  38 

46  19 
4t  23 
»J  45 

41  :vi 

42  :» 
37  45 
42  30 
46  48 

44  51 
35  30 


31 
42 


47 
7 


45  48 
35  22 

38  25 
29  18 

43  5 
32  39 

39  39 
35  15 

46  84 

44  21 
39  46 
28  82 
80  20 


Longitude. 


o  / 
99  45 

73  45 

83  30 
109  57 

109  42 

84  2:) 

74  25 
81  54 

70  37 
74  6 

East  166  55 
100  39 

110  40 
120  a 
100  38 

71  36 

116  8 
71    4 

110  30 
97  26 

78  53 

108  56 
89.10 

124  4 
76    0 

74  58 
124  24 

83    2 

79  56 

80  51 

85  15 
UH  48 

K7  38 

75  23 
8130 

81  42 
83    0 

100  24 

97  41 

107  34 

90  38 

103  56 

1 17  56 
103  43 
1(6    0 

93  37 
83    3 

100  0 
90  44 
92  6 
66  69 
100  21 
106  30 
80  5. 
87    5 

94  24 

113  16 
94  47 

86  18 

109  57 
86  51 
75  40 

112    4 

98  9 
86  10 
96  81 
8189 


Elevation 

January 

1,1885. 


Ftet. 


83 

609 

5.0G0B 

2,r20B 

1,129 

13 

183 

45 

22 

20 

i.5ion 

2,681B 


1,694 
27 
2,750B 
124 


67 

690 

1,930B 

359 

179 

16 

27 

637 

22 

52 

808 

783 

6,105 

661 

8 

612 

690 

812 

1,900B 


3,040B 

615 
4,928,B 
1,683,B 
4.600.U 
5,29^1 
H19 

Gca 

2,517 

Gfj5 

672 

61 

2,690,B 

3,764,B 

681 

613 

■    451 


40 

620 

4,&'36.B 

897 

12 

4,069 

1,807 

766 


s 


Remarks. 


Established  June  30,  1885. 
1,744  (bet. 


Established  September  9, 1885. 


Moved  March  1,1885.  H:=428fect. 


Established  May  1, 1885.  Hs=l,384 
feet. 


Moved  August 8.1885.  H=«06feet. 
Moved  February  1, 18S5.    U=470 

feet. 
Established  January  25,1885.  H^ 
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Latitude,  lortgiiude,  and  eUoaUon  of  Signal  Service  barometen — Continued. 


Stations. 


Keeler,  Cal. 


Keokuk,  Iowa. 

Key  West,  Fla 

Kitty  Hawk,  N.  C. 
Knoxvilie,  Teno.... 

La  Crosse,  Wis 

Lamar,  Miss 


••••«••«•   •••••«••• 


Leavenworth,  Kans 

Lewiston,  Idflkho 

Little  Bock,  Ark 

Los  Aoeeles,  Gal... 

Loaisville,  Ky 

Lvndiburg,  Va. 

Aiackinaw  City,  Mich.'. 

Macon,  Fort,  a.  C... 

Maflrinnis,  Fort.  Mont 

Marquette,  Mich 

Memphis,  Tenn 

Milwaukee,  Wis 

Mobile,  Ala 

Montgomery,  Ala 

Montrose,  Colo 

Moorhead,  Minn 

Mount  Washington,  N.  H 

Myer,  Fort,  Va 

Nashville,  Tenn 

New  Haven,  Conn 

New  London,  Conn 

New  Orleans,  La 

New  York  City.. 

Norfolk,  Va 

North  Platte,  Nebr 

Olympia,  Wash 

Omaha,  Nebr 

Oswego,  N.  Y 

Palestine,  Tex 

Pensaoola,  Fla 

Philadelphia.  Pa 

Pike's  Peak,  Colo 

Pittsburg.  Pa „ 

Poplar  River,  Mont 

Port  Angeles,  Wash 

Port  Huron,  Mich 

Portland,  Me 

Portland,  Oreg 

Prescott,  Ariz 

Red  Bluff,  Cal 

Rio  Grande  City,  Tex 

Rochester,  N.  Y a 

Roseburg,  Oreg 

Sacramento,  Cal 

Saint  Louis,  Mo 

Saint  Michaers,  Fort,  Alaska. 

Saint  Paul,  Minn 

Saint  Vincent,  Minn 

Salt  Lake  City,  Utah 

San  Antonio,  Tex 

San  Diego,  Cal 

aandusky,  Ohio 

Sandy  Hook,N.  J 

Sanford,  Fla 

San  Francisco,  Cal 

San  Luis  Obispo,  Cal 

Santa  F£,  N.  Mex. 

Savannah,  Oa. 

Shaw,  Fort,  Mont. 

Sbreveport,  I^a 

Sill,  Fort,Ind.  T 

Sitka,  Alaska 

Smithville,  N.  C 

Spokane  Falls,  Wash 

Springfield,  111 

Stanton,  Fort,  N.Mex 

Stockton,  Fort,  Tex. 


Latitude.' 


38  35 

40  22 
24  84 

36  0 
35  56 
43  49 

37  32 

39  19 

46  8 
34  45 
34    3 

38  15 

37  25 

45  47 

34  42 

47  12 

46  84 

35  9 

43  2 
30  41 
3823 
86  30 

46  62 

44  16 

38  53 

36  10 

41  18 
41  21 
29  58 

40  43 

36  61 

41  8 

47  8 
4116 

48  29 
8145 
80  25 

39  57 
38  50 

40  82 
48  8 
48  7 
43  0 
43  89 

46  82 

34  88 
40  10 
26  23 
43    8 

43  18 
38  85 

38  88 
63  28 

44  68 
48  66 
40  46 

29  27 
32  43 
4125 
40  28 
28  48 

37  48 

35  18 
35  41 
32    6 

47  31 

32  30 
34  40 
57    3 

33  55 
47  40 

39  48 
33  80 

30  63 


Longitude. 


117  60 

9126 

81  49 

75  42 

83  58 

91  15 
94  16 

94  67 

117  6 

92  6 

118  15 

85  45 
79    9 

84  89 

76  40 
109  10 

87  24 
90    8 

87  54 

88  2 

86  18 
107  66 

96  44 
7118 

77  4 

86  47 
72  66 
72  6 
90  4 
74  0 
76  17 

100  45 
122  58 

95  66 

76  85 

96  40 

87  18 
75 

105 

80 

■106 

128 

82  26 
70  15 

122  43 

112  28 

122  15 

98  48 

77  42 
128  20 
12180 

9012 

16148 

98    8 

97  14 
11154 

98  28 
117  10 

82  40 

74    0 

81  28 

122  26 

120  89 

106  67 

81    6 

11148 

93  40 
98  23 

135  19 

78  1 
117  25 

89  89 
105  26 
102  53 


9 
2 
2 
10 
0 


Elevation 

January 

1,1885. 


f^eet. 


618 

20 

9 

980 

726 


842 
785 
288 


651 
662 
606 

11 

4,8403 

078 

820 

097 

85 
219 


6,279 

287B 

649 

107 

47 

52 

164 

80 

2,841 

86 

1,118 

335 

638 

30 

117 

14,134 

771  . 
2,080B 


633 

45 

07 

5,889B 

387 

28QB 

621 

623 

64 

571 

80 

801 

804 

4,848 


67 
638 
28 
25B 
60 


7,026 
87 
8,560B 

227 

1,200B 

68 

84 

1,909 

644 


8,010B 


Be»ffarV^ 


Established  July  1,1885.  H=8,e» 
feet. 


Established  Feb.  26,1885.  HslJ 
feet. 


Established  Nov.  1, 188SS.    Ha? 


Moved  April  1,1880.    H=108.' 


Established  Feb,  1,1885.   U^U\ 

Moved  July  1, 1885.     H=99'. 
Moved  August  1, 1885.    H=80'. 


Moved  July  1, 1685.    H=«31'. 


Established  Mareh  7, 1885.  H=781'. 


Established  June  1, 1885.  H=S7D^. 


Established  Not.  1,1885.    H=? 
Moved  Aug.  1,1885.    H=3,00ia 
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LatUude,  hmgUwde,  and  elevation  of  Signal  Service  barometer8 — Gontinaed. 


Stations. 

Latitude. 

Longitude. 

Elevation 

January 

1,1885. 

Bemarks. 

Solly,  Dak 

44  89 
48  23 

33  4 
4140 
47  67 

63  53 

42  50 
32  22 

40    2 
88  54 
38    4 

34  14 
40  68 
42  54 
32  45 

o    / 

100  89 

124  44 

110    2 

83  84 

98  57 

160  82 

100  82 

90  53 

118  20 
77    8 

103  12 
77  67 

117  43 
97  28 

114  86 

FeeL 

E8tab1iAhm1NoT.24,1885.    H=^ 

Tatooah  Island,  Wash 

80 
2,710B 

651 
1,500 

13 

244 

Thomas,  Fort,  Ariz ....... 

ToImIo,  Ohio.....M« •• M. 

TMten,  Fort,  Dak ^ 

Unalaaka,  Alaska. 

Valentine,  Nebr 

Vioksbaxs.  Mtos 

Moved  Oot.  1885.    H»l,490';and 
May.  1,1886.    H=sl.487'. 

Established  Sept.  1, 1885 ;  H-2G03. 
Moved  April  21,  1885;H>=292. 

June  1. 1885, 209' ;  May  11, 1880. 

H=222^. 
Established  Nov.  25. 1885.  H—IOIS 

Walla  Walla,  Wash... «k.. 

W^ashlngton'City ..... 

W^es*  lias  Animas,  Colo 

'Wiimiiiffton,  N.  O 

100 

8,899 

52 

4,858 

1,228 

141 

W  tnnemnoca.  Nev 

Yankton,  Dak...... 

Y  mna^  Ariz....M*... mmm....*.* 

Moved  May  1,  1880.    H»1284. 

•*■ : 


APPENPIX   20. 

BEPOBT  OF  OFFICER  IN  CUARQE  OF  THE  FACT  AND  INTERNATIONAL 

BULLETIN  DIVISION. 

SioKAL  Office,  Was  Department, 

Washington  CUy,  June  30, 1886. 

General:  I  have  tho  honor  to  submit  herewith  a  brief  statement  of  the  work  of 
the  Fact  and  International  Bulletin  Division  dnring  the  year  ending  June  30,  1836,  as 
called  for  by  memorandum  No.  1G7. 

I  am,  very  respectfully,  yonr  obedient  servant, 

H.  H.  C.  DUNWOODY, 
Firal  Lieutenant,  Fourth  Artillery,  Acting  8ig%al  Officer  and  AtfsdMamL 

The  Chief  Signal  Officer  of  the  Armt. 


FACT  and  international  BULLETIN   DIVISION. 

The  Monthly  Weather  Review  of  the  Signal  Service  has  been  regularly  published  during 
the  year,  and,  with  increased  facilities  for  securing  reliable  data,  it  forms  one  of  the  most 
valuable  publications  of  this  service.  Each  Review  contains  a  general  summary  of  the 
meteorological  data  collected  by  this  office  during  the  mouth.  Tho  introduction  gives  a 
brief  statement  of  the  weather  conditions  throughout  the  country  and  the  probable 
effect  of  the  same  upon  the  agricultural  products  of  each  seetion.  The  monthly  meaas 
of  temperature  and  rainfall,  compared  with  the  normal  temperature  and  average  rain- 
fall for  each  district,  are  published  in  tabular  form.  Similar  tables  referring  specially  to 
the  cotton  region  are  given,  based  upon  cotton-region  repo^t^i.  These  tables  have  iu- 
creased  in  value,  as  they  aftbrd  moans  of  comparison  between  the  meteorological  condi- 
tions and  their  probable  effect  upon  the  crop. 

The  increased  number  dT  marine  reports  which  are  received  in  time  to  bo  utilized  in 
tracing  storms  from  the  continent  over  the  North  Atlantic,  render  it  possible  to  more  ac- 
curately give  the  probable  tracks  of  these  storms  on  tho  monthly  charts  accompanying 
the  Review,  thus  affording  information  specially  valuable  to  shipmasters. 

The  Monthly  Summary  and  Review  of  International  Meteorological  Observations  con- 
tains a  summary  of  the  reports  published  in  the  International  Bulletin  and  a  general  dis- 
cussion of  the  meteorological  conditions  prevailing  over  the  Northern  Hemisphere.  These 
observations  have  been  published  since  1873,  and  furnish  a  valuable  collection  of  data 
for  the  solution  of  the  great  problems  of  meteorology. 

It  is  within  the  province  of  this  division  to  investigate  atmosplieric  phenomena  of  an 
unusual  nature  embodied  in  reports  received;  to  deduce  results  therefrom,  and  canse  the 
same  to  be  issued  as  special  charts  or  publications.  A  number  of  these  special  papers 
have  been  compiled  and  published  during  the  past  year,  and  embrace  dati  of  great  im* 
portanoe  and  practical  v^ue. 
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APPENDIX   21. 

ANNUAL  REPORT  OF  SIGNAL  SERVICE  AGENCIES, 

New  YobK  City,  July  3,  1886. 

Stfi :  I  hare  the  honor  to  transmit  the  following  report  on  Signal  Service  agencies  for 
the  past  fiscal  year: 

For  the  benefit  of  commerce  agencies  have  been  maintained  in  Boston,  Philadelphia, 
and  New  York  City,  where  4,072  ships^  barometers  were  compared  with  Signal  Service 
standards,  errors  determined,  and  correction  cards  furnished. 

Simultaneons  observations  during  the  year  have  been  received  on  Forms  123,  from 
352  steamers  and  156  sailing  vessels,  showing  an  increase  of  81)  since  last  report.  In 
addition  to  this  the  New  York  Herald  weather  bureau  supplied  the  service  with  reports 
from  73  vessels,  which,  added  to  our  own,  makes  a  grand  total  of  581  vessels  on  which 
observations  have  been  made  for  the  weather  bureau.  In  connection  with  this  the  num- 
ber of  forms  examined  amounted  to  5,486,  and  the  number  of  letters  and  acknowledg- 
ments prepared  and  forwarded  reached  3,739.     Lettei-s  received  numbered  570. 

Abstracts  of  logs  from  vessels  to  the  number  of  557  have  been  prepared  and  forwarded; 
besides,  the  New  York  Herald  furnished  us  with  171,  and  the  New  York  Maritime  Reg- 
ister with  521  additional. 

Storm  reports  were  received  to  the  number  of  776. 

Cablegrams  to  London  were  forwarded  during  the  year  to  the  number  of  99  from  New 
York  agency,  and  from  agency  at  Boston  26  were  sent. 

These  telegrams  gave  specific  data  obtained  from  incoming  steamers,  showing  location 
of  icebergs  and  derelict  ships  observed,  and  position  and  bearing  of  storms  encountered 
west  of  the  forty-fifth  meridian. 

The  relations  between  the  shipping  interests  and  the  Signal   Service  agencies  arc 
extremely  pleasant.     The  weather  bureau  stands  better  to-day  than  it  hiis  ever  stood 
iKfore  with  commercial  interests  ot  the  country. 
Very  respectfully,  your  obedient  servant, 

IT.  J.  PENUOD, 
Sergeant ^  Signal  CorpSy  U.  S,  Army. 

The  CniKF  Signal  Officer  of  the  Army. 
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APPENDIX  22. 

ANNUAL  REPORT  OF  THE  ASSISTANT  IN  CHAHQE  OP  THE   PHYSICAL 

LABORATORY  DIVISION 

Washington  City,  Juiji  19, 1886, 

Sib:  I  have  the  honor  to  report  as  follows  concerning  the  work  of  the  Physical  Labor- 
atory Division  daring  the  fiscal  year  ending  Jane  30,  1886: 

The  number  of  instruments  received  and  issued  within  the  year  reached  nearly  five 
thousand.  The  greater  part  of  the  work  of  receiving  and  issuing  instruments  is  done  in 
what  is  known  as  the  ** instrument  room.''  PackCig  is  done  Aereand  all  records  in 
reference  to  the  condition  and  location  of  the  instruments  are  kept  there.  Several  im- 
provements in  the  method  of  packing  have  been  introduced  through  which  the  number 
of  breakages  occurring  in  transit  has  been  greatly  diminished.  A  few  changes  in  the 
method  of  keeping  the  accounts  and  records  have  also  been  made  with  the  object  of 
enabling  the  complete  history  of  every  article  handled  to  be  more  inunediately  accessi- 
ble. 

Nearly  two  hundred  and  fifly  barometers  were  compared  in  this  room,  with  the  sab- 
standards  provided,  and  over  one  hundred  anemometers  were  tested.  AH  barometers 
are  here  repaired  and  filled,  requiring  the  distillation  of  300  pounds  of  mercury  during 
the  year.  Considerable  attention  was  given  to  the  improvement  of  the  self-registering 
instruments.  Ink  pens  have  been  substituted  for  pencils,  and  the  records  have  been 
greatly  improved  in  this  way.  As  a  check  upon  the  care  vrith  which  the  reoord  sheets 
are  placed,  one  sheet  has  been  taken,  at  random,  and  without  previous  notice,  each  month 
and  carefully  compared  with  the  regular  records  of  the  non -registering  instruments.  At 
least  1,500  people  have  visited  the  room  during  the  year,  requiring  a  great  deal  of  time 
from  an  attendant  in  explaining  the  operations  of  the  various  instruments. 

Work  in  the  other  rooms  occupied  by  the  division  consisted  largely  of  the  comparison 
of  thermometers  and  rain-gauges,  together  with  the  study  of  instruments  with  a  view  to 
their  improvement,  the  suggestibns  of  new  forms,  &c.  Much  time  during  the  year  was 
given  to  the  preparation  of  detailed  specifications,  with  drawings  of  the  various  instru- 
ments used  by  the  service,  to  enable  the  property  officer  to  make  purchases  in  accordance 
with  the  requirements  of  the  law.  New  forms  have  be«i  introduced,  and  experimental 
studies  of  instruments  have  been  made,  as  will  be  seen  in  the  following  brief  r6sum^: 

Barometers. — Considerable  progress  toward  the  establishment  of  a  normal  barometer 
was  made  during  the  year.  A  cathetometer  for  use  in  connection  with  the  same  was 
made  l\y  the  Society  Genevise  according  to  plans  prepared  in  the  division.  It  has  been 
received  and  is  found  to  be  entirely  satisfactory.  Some  experiments  were  also  made  to 
determine  the  best  method  of  reading  the  height  of  a  mercurial  column,  such  as  will  be 
used  in  the  new  normal.  On  the  last  two  days  of  each  month  comparison  of  the  five 
standard  barometers  now  in  the  office  were  made,  and  to  increase  the  accuracy  of  reduc- 
tion to  a  common  level  a  precise  measurement  of  the  difference  in  the  elevation  of  those 
in  the  *  *  instrument  room ' '  and  those  in  the  testing  room  was  made.  A  study  was  made 
of  the  temperature  of  the  mercury  at  different  points  in  the  column  of  an  ordinary  bar- 
ometer for  the  purpose  of  determining  the  accuracy  with  which  the  same  is  represented 
by  that  of  the  attached  thermometer. 

Thermometers. — C^eful  comparison  of  fourteen  substandards  received  from  Kew 
were  made  with  substandarda  already  in  the  office,  which  had  previously  been  compared 
with  the  air  thermometer,  and  a  report  on  the  comparison  of  substandards  with  the  air 
thermometer  was  famished  and  is  now  ready  for  publication. 

Nearly  a  thousand  working  thermometers  were  compared  with  the  office  substandards, 
more  than  one-quarter  of  the  number  being  for  persons  not  connected  with  the  service. 
The  comparison  generally  extended  from  —  28^  F.  to  -f  H^^  F-  A  study  of  the  relative 
sensitiveness  of  spherical  and  cylindrical  bulb  thermometers  was  made,  at  the  conclusion 
of  which  an  order  was  issued  by  the  Chief  Signal  Officer  declaring  that  the  latter  form 
should  in  the  future  be  used  to  the  exclusion  of  the  former,  except  in  the  case  of  maxi- 
mum and  minimum  thermometers.  As  it  had  been  suspected  that  the  indices  of  mini- 
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mttm  thermometers  were  sometimes  jarred  out  of  their  proper  position  hy  wind,  passing 
railway  trains,  Sec,  the  question  was  made  the  subject  of  experiment,  resulting  in  a 
recommendation  that  tiie  thermometers  be  placed  in  a  horizontal  position  instead  of  in- 
clined as  was  previously  the  custom. 

Fsjfekromders.  — The  subject  of  hygrometry  received  a  good  deal  of  attention  in  the  early 
part  of  the  year.  A  laiige  number  of  comparisons  of  the  sling  psychrometer  and  dew- 
point  apparatus  under  varying  conditions  of  temperature  and  humidity,  together  with 
those  made  on  Pike's  Peak  and  elsewhere,  furnished  the  necessary  data  for  the  compu- 
tation of  reduction  tahles  for  the  whirling  p^chrometer. 

A  machine  for  whirling  the  thermometers  was  devised  and  adopted,  and  the  operation 
of  supplying  stations  wim  the  new  instrument  was  commenced.  Fifty  stations^'ere  first 
selected  to  which  machines  were  sent.  A  further  issue  of  fifty  will  very  shortly  be  made. 
For  purpose  of  oomparison  the  old  wet  and  dry  bulb  psychrometer  will  remain  at  these 
stations  for  a  few  months  and  will  be  read  regularly  with  the  new  instruments. 

Anemometers. — Improvements  were  made  in  the  anemometer,  consisting  mainly  of  the 
introduction  of  oil-cups  at  both  the  upper  and  lower  bearing  of  the  spindle.    The  im- 

gortance  of  securing  a  better  standard  of  anemometry  has  been  constantly  recognized, 
nt,  owing  to  a  lock  of  fiidlities,  no  steps  in  that  direction  have  been  taken.  Under 
these  circumstances  it  was  deemed  desirable  to  preserve  the  existing  standard  as  carefully 
ns  possible,  and  to  this  end  two  new  anemometers  were  selected,  which  agreed  very 
closely  with  that  so  long  in  use.  These  were  accepted  as  representing  the  stcmdard,  one 
of  them  being  used  daily  for  pmrpose  of  comparison,  and  the  other  being  set  aside  for 
periodic  comparison  with  the  first. 

Anemometer  supports, — Considerable  difficulty  has  always  been  experienced  in  the  use 
of  the  anemometer  support  of  the  telescopic  form.  A  new  form  was  adopted  in  the  past 
year  which  it  is  believed  will  be  fVee  ttom  any  serious  objections.  Unfortunately  its  use 
requires  a  good  deal  of  roof-space,  so  that  at  a  few  of  the  stations  either  the  telescopic 
rod  or  the  T-iron  support  first  used  about  two  years  ago  must  be  retained. 

Sain^auffes,—'Tba  new  8-inch  rain-gauge  is  being  introduced  with  considerable  rapid- 
ity. Nearly  one  hundred  and  fifty  were  received  during  the  year.  All  are  carefully 
calibrated,  and  a  correction-card  is  furnished  with  each.  A  large  number  of  cheap  rain- 
gauges,  3  inches  in  diameter,  were  fhmished  to  the  observers  in  the  cotton-belt  region. 

Wind  vanes, — Preparations  have  been  made  for  the  introduction  of  smaller  vanes  than 
have  generally  been  in  use.  The  large  16-foot  vane  is  unquestionably  too  sluggish  in 
its  action,  and  it  is  proposed  to  snbstitnte  one  not  unlike  what  is  known  as  the  *' sunset 
vane"  wherever  new  vanes  are  required.  As  this  vane  has  possibly  too  great  freedom 
of  movement,  a  method  of  damping  its  motion  has  been  proposed  and  will  be  tried. 

Atmospheric  etectridty. — Much  progress  was  made  in  the  study  of  this  subject  during 
the  year.  For  the  purpose  of  investigating  electrometers,  collectors,  and  exposures,  a 
*'mast"  was  erected  on  the  roof  of  the  buildiug  1704  G  street,  by  means  of  which  two 
collectors  can  be  simultaneously  exposed  at  a  height  of  40  feet  above  the  roof.  During 
the  winter  numerous  experiments  were  mode  with  water-dropping  collectors,  at  various 
heights,  and  joined  to  different  electrometere.  Specifications  for  a  modified  form  of 
Mascart's  electrometer  were  prepared,  and  six  instruments  were  ordered  for  use  during 
the  present  year. 

In  January  several  new  stations  for  special  observations  in  atmospheric  electricity  were 
established  by  order  of  the  Chief  Signal  Officer,  and  through  the  courtesy  of  the  author- 
ities of  several  educational  institutions.  The  new  stations  are  at  New  Haven  (Yale  Col- 
lege), Ithaca  (Cornell  University),  Columbus  (Ohio  State  University),  and  Boston  (In- 
stitute of  Technology).  The  latter  station  was  established  on  the  removal  of  that  pre- 
viously existing  at  Cambridge.  The  station  at  Baltimore  has  continued  as  before.  The 
following  assignments  to  these  stations  were  made:  Columbus,  Sergeant  McRae;  Ithaca, 
Private  Hammon;  New  Haven,  Private  Fossig;  Boston,  Private  Schultz.  The  station 
at  Baltimore  has  continued  in  charge  of  Sergeant  Morrill. 

Photographic  registration  was  maintained  at  Baltimore.  At  the  other  stations  obser- 
vations are  made  at  stated  intervals.  At  Columbus,  Ithaca,  and  New  Haven  the  obser- 
vations have  been  carried  on  by  the  use  of  the  electrometers  belonging  to  the  colleges 
located  at  these  points,  for  which  the  Service  is  indebted  to  the  kindness  of  Professor 
Thomas,  at  Columbus,  Professor  Anthony,  at  Ithaca,  and  Professor  Wright,  at  New 
Haven.  In  addition,  Professor  Cross,  at  Boston,  has  shown  great  interest  in  the  work, 
and  has  &cilitated  the  making  of  observations  at  that  point  in  many  ways.  Professor 
Rowland  and  the  authorities  of  the  Johns  Hopkins  University  have  continued  to  afford 
the  excellent  facilities  originally  provided  for  the  observer  at  that  point.  A  great  deal 
of  time  was  required  to  get  these  new  stations  in  working  order,  but  in  April  a  series  of 
simultaneous  observations  made  every  five  minutes  and  extending  over  three  days  was 
made  at  all,  and  at  the  Office  of  the  Chief  Signal  Officer.  The  results  of  these,  observa- 
tions have  been  charted  and  partially  studied,  with  interesting  results. 
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The  observers  at  these  special  stations  were  instructed  to  make  ireqaent  obaerTations 
daring  the  passage  of  thander  storms,  and  a  number  of  interesting  resoltsof  sach  studies 
have  been  received.  Much  interesting  work  has  been  done  in  this  c  ity  by  means  of  simul- 
taneous observations  at  this  office  and  at  the  Smithsonian  Institution.  A  station  has 
been  temporarily  established  at  the  latter  point  through  the  kindness  of  the  Secretar^^ 
Professor  Spencer  F.  Baird,  and  recently  an  electrometer  and  collector  have  been  mountctl 
at  the  summit  of  the  Washington  Monument,  through  the  courtesy  of  Col.  T.  L.  Casey, 
Corps  of  Engineers,  U.  S.  A.,  in  charge.  These  local  observations  will  be  continued  for 
some  time  at  intervals,  as  the  results  promise  to  be  of  great  value.  With  the  receipt  of 
the  new  electrometers  it  will  be  possible  to  equip  the  distant  stations  uniformly  and  to 
increase  the  number  of  local  stations,  so  that  far  more  satisfactory  work  will  be  done  in 
the  near 'future. 

In  connection  with  the  subject  of  atmospheric  electricity,  it  may  be  mentioned  that 
a  series  of  experiments  are  under  way  for  the  purpose  of  determining  the  proper  form 
and  dimensions  of  lightning-rod  '  *  gro.unds. '  *  This  is  a  matter  of  great  importance,  and 
the  results  of  the  investigation  vnll  be  of  great  practical  value. 

Ground  temperatures. — The  experimental  study  of  methods  of  measuring  ground  tem- 
peratures by  means  of  electricity  has  been  kept  up  during  the  greater  part  of  the  year, 
with  very  satisfactory  results.  Two  forms  of  electrical  thermometers  have  been  devised 
and  tested,  and  they  have  been  found  to  be  reliable  in  their  indications.  A  new  form  of 
Wheatstone's  bridge  has  just  now  been  constructed,  which,  it  is  believed,  will  render  the 
whole  apparatus  complete  and  satisfactory.  As  soon  as  it  has  been  tested  arrangements 
will  be  made  for  procuring  a  number;  the  galvanometers  for  this  purpose  have  aJr^idy 
been  ordered,  and  it  is  expected  that  during  the  coming  year  the  regular  observations 
of  earth  temperature  may  be  begun  at  several  stations.  A  new  form  of  electric  air  ther- 
mometer of  extreme  sensitiveness  has  grown  out  of  this  investigation,  and  it  is  expected 
to  be  useful  in  determining  certain  questions. 

Observations  of  underground  water  temperaturcH  (that  of  water  in  buried  mains)  have 
been  carried  on  through  the  year  by  Prof.  E.  S.  Morse,  of  Salem,  Mass.,  and  Maj. 
John  Gould,  of  Portland,  Me.,  who  kindly  volunteered  to  do  this  work,  and  to  whom 
the  Service  is  indebted  for  a  series  of  interesting  and  valuable  results. 

A  large  amount  of  work  of  a  miscellaaeous  character  has  been  done  by  the  division 
during  the  year.  Much  of  it  consisted  in  attendance  upon  board  meetings  for  the  con- 
sidoration  of  various  subjects,  and  in  the  preparation  of  special  papers  and  reports  upon 
matters  which  were  referred  to  the  professor  in  charge  for  coosi  deration.  A  good  deal 
of  miscellaneous  experimental  work  wa^  done  in  the  laboratory,  including  important 
tests  of  cables  and  wires  of  various  kinds,  submitted  to  the  Service  for  examination,  and 
especially  in  connection  with  the  testing  before  laying  and  testing  in  position  of  the 
Nantucket  cable,  and  the  examination  and  testing  of  the  Block  Island  cable,  to  deter- 
mine whether  or  not  it  could  be  repaired. 

All  of  the  work  of  the  division  has  been  greatly  hampered  and  much  of  the  time  in- 
terrupted by  its  inconvenient  and  totally  inadequate  quarters.  The  rooms  are  oilen 
crowded  witli  instruments  to  be  tested  or  preparing  for  shipment,  and  much  deli ca to 
and  expensive  apparatus  necessary  to  the  work  of  the  division  is  continually  exposed  to 
danger  and  loss  from  breakage  and  other  causes.  That  more  commodious  and  better 
i(uarters  for  the  division  are  imperatively  demanded  will  be  immediately  recognized 
upon  an  inspection  of  those  now  occupied,  and  it  is  respectfully  urged  that  it  is  an  un- 
wise economy  on  the  part  of  the  Government  which  allows  so  much  viduable  property 
to  remain  so  poorly  housed  and  protected. 
Verv  respectfully, 

T.  C.  MENDENHALL, 
Professor  in  Charge  Phifsical  Laboraiory  DivisUm. 

The  Chief  SignaI/  Officer  of  the  Abmt. 


APPENDIX    23. 

REPORT  OF  PROFESSOR  WILLIAM  FERREL,  ASSISTANT,  ON  REDUCTION 
OF  BAROMETRIC  PRESSURE  TO  SEA-LEVEL  AND  STANDARD  GRAVITY. 

In  ascending  through  the  atmosphere  the  Ixirometric  pressnre  gradnally  becomes  less 
In  proportion  to  the  mass  of  air  left  below.  The  weight  of  a  column  of  air  of  any  given 
base  between  the  station  of  observation  and  sea-leve],  expressed  by  the  l^eight  of  a  mer- 
cnrial  column  of  the  same  base  at  the  temperature  of  freezing  which  exactly  counter- 
poises this  column  of  air,  is  the  reduction  to  sea-  level.  But  on  account  of  the  varying  force 
of  gravity  between  the  equator  and  the  pole  the  same  column  of  mercury  presses  morew 
at  the  same  altitude  in  higher  than  in  lower  latitudes,  and  on  the  same  parallel  of  lati- 
tude it  presses  a  little  more  at  sea-level  than  at  some  elevation  above  sea-level.  ^  In 
order,  therefore,  to  have  a  definite  and  unvarying  measure  of  barometric  pressnre  it  is 
necessary  to  know  the  height  of  the  counterpoising  mercurial  column  when  subject  to 
the  action  of  some  standard  force  of  gravity.  This  is  assumed  to  be  that  of  sea-level  on 
the  parallel  of  45^.  The  reduction  of  the  height  of  the  counterpoising  barometric  column 
to  the  height  which  it  would  have  if  subject  to  the  force  of  this  standard  gravity,  is 
called  the  reduction  to  standard  gravity.  Both  of  these  reductions  aro  included  in  the 
same  formula,  which  is  simply  a  reversing  of  the  hypsometrical  formula. 

In  this  formula,  strictly,  the  mean  temperature  of  the  air  column  is  required,  but  this 
is  generally  not  accurately  known,  and  at  most  only  that  of  the  lower  and  upper  sta- 
tions, and  then  the  best  that  can  be  done  generally  is  to  take  the  mean  of  the  tempera- 
ture at  these  stations,  though  this  may  differ  considerably  from  the  true  mean  of  the 
whole  column.  But  using  this  as  the  true  temperature,  the  formula  of  reduction  to  sea- 
level  gives  the  true  reduction,  and  in  this  case  it  becomes  a  definite  matter  readily  un- 
derstood. 

In  the  case  in  which  the  upper  station  is  on  a  high  plateau  or  mountain  top,  the  ques- 
tion, what  is  the  reduction  to  sea-level,  is  not  so  easily  answered,  and  the  matter  becomes 
less  definite.  In  this  case  there  is  no  air  column  between  the  upper  station  and  sea- 
level,  and  the  conception  of  what  reduction  to  sea-level  really  means  is  not  so  clear. 
The  best  that  can  be  done  is  to  imagine  that  the  space  between  the  station  and  ses^level 
is  occupied  by  air,  and  that  this  has  the  same  temperature  as  the  air  would  have  if  the 
mountain  or  plateian  were  away.  But  then  the  question  arises,  what  would  be  the  tem- 
perature of  this  air,  for  we  have  in  this  case  only  the  observed  temperature  of  the  upper 
station,  and  even  this,  especially  when  on  a  wide  plateau  or  in  a  high  mountain  valley, 
may  differ  very  much  from  what  the  temperature  of  the  open  air  would  be  at  that  alti- 
tude if  the  mountain  or  plateau  wexe  not  there.  And  even  if  this  were  known  the  law 
of  increase  down  to  sea-level  would  still  be  unknown.  Conceiving  reduction  to  sea-level 
in  this  case  to  be  as  stated  above,  it  is  seen  that  it  is  beset  with  great  difficulties  and  uncer- 
tainties, on  account  of  our  not  knowing  what  the  temperature  of  the  air  would  be  un- 
der the  circumstances. 

For  the  average  of  the  year  the  observed  air  temperature  at  the  station  may  be  re- 
garded as  that  which  the  air  would  have  if  the  mountain  or  plateau  were  away,  but  in 
the  annual,  diurnal,  and  abnormal  changes  the  observed  temperature  of  the  station  at 
the  surface  of  the  mountain  top  or  plateau  may  be  very  different  from  what  would  be 
observed  in  the  open  air  if  this  were  away,  especially  in  extreme  temperatures,  as  those 
of  midwinter  and  midsummer,  or  of  morning  and  afternoon,  or  in  the  case  of  the  maxi- 
mum and  minimum  of  the  abnormal  changes  of  short  period.  In  such  cases  the  ex- 
tremes in  open  air  have  a  much  smaller  range  than  near  the  earth's  surface,  and  this  is 
especially  the  casein  the  diurnal  ranges  and  those  of  abnormal  changes  of  short  x>eriod. 
In  the  annual  changes  of  temperature  there  is  more  time  for  the  open  air  to  acquire 
somewhat  the  same  temperature  as  that  of  the  earth's  surface,  but  even  in  this  case  the 
average  summer  temperatures  are  considerably  greater  and  the  average  winter  tempera- 
tures considerably  less  on  the  tops  of  mountains,  and  especially  on  high  plateaus,  than 
in  the  open  air  on  the  same  level  at  some  distance  away. 

For  all  parts  of  the  United  States  east  of  the  Mississippi  and  Missouri  rivers,  with  few 
exceptions,  and  the  adjacent  parts  west  of  these  rivers  to  a  distance  where  the  altitudes 
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become  considerable,  the  uncertainties  in  the  temperatores  to  be  used  have  only  a  small 
effect  upon  the  redactions,  but  farther  west,  on  the  high  plateaus  both  east  of  the  Rocky 
Mountains  and  westward  to  the  Cascade  and  Sierra  Nevada  ranges,  the  effect  of  the  un- 
certainty becomes  great.  For  instauice,  at  Cheyenne,  altitude  6,105  feet,  an  error  of  1^ 
in  the  temperature  argument  of  the  tables  corresponds  to  an  error  of  about  0.012  of  an 
inch,  and  so  an  error  of  8^,  which  is  often  possible  in  individual  reductions,  corresponds 
to  an  error  of  0. 1  of  an  inch  in  the  reduction. 

The  pressure  of  the  atmosphere  at  any  point  does  not  depend  merely  upon  the  weight 
of  the  air  above  it,  but  also  upon  the  pressure  at,  and  consequently  upon  the  weight  of 
the  air  on  all  sides  above,  the  same  level.  If  the  temperature  of  the  air  in  any  given  lo- 
cal i  ty  of  smal  I  exten  t  is  increased,  of  course  the  mere  weight  of  the  column  of  air  between 
the  upper  station  and  sea-level  is  diminished,  but  the  effect  of  this  difference  of  tempera- 
ture is  mainly  to  cause  and  maintain  an  ascending  current  over  the  warmer  area,  with  a 
gradually  accelerated  velocity  in  the  lower  part,  and  the  reaction  of  this  acceleration 
causes  an  increase  of  pressure  at  the  earth's  surface,  but  at  or  near  the  8urfiu»  there  must 
be  a  slight  gradient  of  pressure  decreasing  from  the  surrounding  parts  toward  the  heated 
interior,  just  sufficient  to  keep  up  a  flow  of  air  to  supply  the  ascending  current.  The 
pressure,  therefore,  at  the  base  of  this  warmer  column  of  air,  and  the  difference  of  pressure 
between  some  upper  level  and  sea- level,  or,  in  ot^er  words,  the  reduction  to  sea-level,  de- 
•  pends  rather  upon  the  weight,  and  consequently  the  temperature  of  the  air  around  about 
the  wanner  column  of  ascending  air.  The  case  is  the  same  where  the  upper  station  is 
on  the  top  of  a  mountain  and  where  the  ascent  of  warmer  air  is  not  directly  upward,  but 
along  the  sides  of  the  heated  surface  of  the  mountain.  The  pressure  at  the  base  and  at 
any  level  up  the  side  of  the  mountain  depends  very  little  upon  the  temperature  of  this 
warmer  air,  but  almost  entirely  upon  the  pressures  at  the  same  levels  of  the  air  around 
on  all  sides  in  the  vicinity  of  the  mountain.  It  must  be  understood  that  we  are  not  hero 
consideriugf  the  case  in  which  pressure  is  affected  by  a  gyratoiy  motion  of  the  air,  but 
simply  that  in  which  difference  of  pressure  depends  upon  difference  of  temperature. 

In  the  reductions  to  sea-level,  therefore,  we  need  rather  the  general  or  average  open- 
air  temperature  of  the  whole  region  around  about  than  the  exact  local  air  temperature; 
that  is,  we  need  the  temperature  both  at  the  upper  and  lower  level,  which  would  be 
given  by  an  isothermal  chart  based  upon  observations  at  numerous  stations  around  ex- 
tending to  no  very  great  distance,  for  in  such  a  chart  local  abnormal  variations  of  tem* 
perature  of  small  extent  would  not  come  in.  ^iVith  such  a  temperature  we  should  ob- 
tain a  reduction  which  would  oorrespond  very  nearly  with  that  in  the  case  of  no  local 
disturbance  of  temperature,  and  in  the  case  of  a  mountain  or  high  plateau  such  a  re- 
duction OS  would  be  obtained  if  the  mountain  or  plateau  were  away  and  the  temi>era- 
tnre  occupying  its  place  were  used,  and  not  the  temperature  of  the  sur&ce  of  the  moun- 
tain or  plateau,  abnormally  heated  above,  or  cooled  below,  that  of  the  air  generally. 

For  the  average  of  the  year  the  air  temperature  observed  at  any  station  on  a  hi^ 
plateau,  and  especially  on  a  mountain  peak  or  the  summit  of  a  sharp  mountain  range, 
])orhaps  differs  but  little  from  that  of  the  air  genextJly  at  the  same  level  at  that  altitude 
lor  some  distance  around,  or  from  what  would  be  observed  at  that  altitude  if  the  plateau 
or  mountain  were  absent  At  least,  where  there  is  ao  much  uncertainty,  the  best  that 
viin  be  done  is  to  use  this  as  the  temperature  of  the  upper  level.  But  we  still  need  the  sea- 
level  temperature  which  would  exist  if  there  were  no  mountain  or  plateau.  Since  we 
have  no  known  law  or  rate  of  increase  of  temperature  between  the  two  levels,  especially 
in  the  case  of  wide  plateaus,  which  holds  universally,  the  best  that  can  be  done  is  to 
nasume  a  law  or  rate  for  any  given  region  under  consideration,  in  reducing  the  observed 
temperatures  of  the  stations  of  great  elevation  to  sea-level,  which  gives  a  system  of  sea- 
level  isotherms  such  as  would  exist  if  there  were  a  sea-level  plane,  judging  as  well  as 
possible  from  the  position  and  direction  of  such  lines  determined  from  observations  at 
or  near  sea-level  around  about  the  high  stations. 

Such  a  chart.  Chart  I,  has  been  formed  for  the  whole  of  the  United  States,  including 
the  high  plateau  region  of  the  western  part.  The  sea-level  temperatures  of  this  chart 
for  each  station,  as  given  on  the  chart,  were  obtained  by  reducing  the  temx>erature  above 
to  sea-level  by  adding  one  degree  for  each  600  feet  of  altitude.  This  is  only  about  one- 
half  of  the  usual  rate  obtained  in  various  parts  of  the  world  by  comparing  the  temper- 
ature of  high  mountains  with  those  of  low-level  stations,  and  from  balloou  ascents  in 
the  open  air,  but  for  the  reduction  of  the  plateau  stations  of  the  western  part  of  the 
United  States  thia  rate  is  evidently  much  too  g  reat,  for  it  throws  the  isotherms  of  this 
region  too  far  north,  and  disturbs  them  very  much.  As  the  two  great  oc(>ans  in  the 
liigher  latitudes  have  for  the  mean  of  the  year,  for  well  known  reasons,  a  higher  tem- 
penitnre  than  that  of  the  continents  on  the  same  latitudes  1)etwcen,  and  the  general 
t43ndency  of  the  atmosphere  is  fmm  west  to  eivst,  it  is  evident  that  the  isotherms  in  case 
of  a  low  and  level  continent  would  have  to  descend  from  the  western  side  down  to  lower 
latitudes  until  pretty  well  on  into  the  interior  of  the  continent^  but  nowhere  lower  than 
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they  are  in  the  Mississippi  Valley,  where  they  are  determined  from  observations  near 
sea-level.  The  adopted  rate  gives  this  form,  as  seen  from  Chart  I,  bat  if  a  greater  rate 
were  adopted  it  would  make  the  isotherms  curve  very  high  up  into  the  higher  latitudes 
in  the  p]ateau  region,  and  a  smaller  rattf  would  cause  them  to  run  too  low  down  in  the 
lower  latitudes.  It  is  seen  that  the  temperatures  of  the  plateau  region,  reduced  through 
so  great  an  altitude,  are  a  little  irregular,  as  was  to  be  expected,  but  in  general  they  do 
not  vary  much  from  the  temperatures  as  Indicated  by  the  sea-level  isotherms. 

On  the  eastern  side  of  the  Rocky  Mountain  range  the  temperatures  seem  to  be  a  little 
abnormal  and  too  great  for  the  latitude.  This  is  evidently  the  foshn  effect  of  the  air  in 
descending  to  a  lower  level  after  having  passed  over  the  high  summit  of  the  range.  The 
stations  are  too  few  and  the  temperature  reductions  to  sea- level  too  uncertain  to  deter- 
mine and  lay  down  certainly  this  efiect,  and  so  no  attempt  has  been  made  to  indicate  it 
in  the  isotherms. 

The  reason  that  a  lower  rate  of  decrease  of  temperature  with  increase  of  altitude  than 
usual  is  required  in  our  western  plateau  may  be  due  to  the  fact  that  the  air  passes  from 
a  warmer  to  a  colder  region  in  the  mean  of  the  year,  in  passing  from  west  to  east,  and 
the  upper  currents,  moving  eastward  taster  than  the  lower  ones,  have  a  tendency  to  heat 
the  air  over  the  continent  more  above  than  below,  and  so  to  diminish  this  rate  on  the 
western  side  of  the  United  States.  But  a  less  rate  is  undoubtedly  required  in  all  cases 
for  high  plateaus  than  for  mountain  peaks  and  sharp  mountain  ranges. 

The  reductions  of  mean  annual  temperature  to  sea-level  with  the  assumed  rate  of  1° 
for  each  HOO  feet  having  given  a  fairly  satis&ctory  chart  of  isotherms,  this  rate  was  used 
in  deducing  the  sea-level  temperature  to  be  used  in  the  barometric  formula  of  re- 
duction to  sea-level,  and  thus  with  the  observed  annual  mean  above,  both  of  pressure 
and  temperature,  the  reduction  to  sea-level  was  obtained  in  the  usual  way.  This  gives 
the  reductions  of  the  barometric  pressures  for  each  of  the  several  stations  in  Table  I, 
corresponding  to  the  argument  of  the  mean  temperature  of  the  year.  The  mean  an- 
nual temperatures  and  pressures  used  were  those  deduced  from  all  the  observations 
made  from  November  1,  1879,  to  October  31,  1883,  inclusive,  including  a  few  stations 
opened  after  November  1,  1879,  and  consequently  having  an  average  of  less  than  five 
years.  With  these  reductions  corresponding  to  the  mean  annual  temperatures,  the  sea- 
level  pressures,  as  given  on  Chart  IV,  have  been  obtained,  the  decimal  figures  only  be- 
ing given. '  Over  the  eastern  part  of  the  United  States,  where  the  altitudes,  and  conse- 
quently the  reductions,  are  small,  the  regularity  of  the  pressares  and  of  the  isobars 
are  fairly  satisfactory,  and  the  observed  irregularities  are  no  doubt  due  mostly  to  errors 
in  the  railroad  levelings  from  which  the  altitudes  have  been  obtained,  but  of  course  in 
some  measure  to  instrumental  and  other  errors.  The  indications  are  that  the  adopted 
elevations  of  Knoxville,  Chattanooga,  and  a  few  others,  perhaps  all  depending  on  the 
same  chain  of  railroad  levelings,  are  a  little  too  great. 

In  the  western  part  generally  of  the  United  States  the  reductions  and  sea-level  pres- 
sures are  more  uncertain,  both  on  account  of  the  uncertainties  of  the  altitudes  and 
also  the  errors  in  reductions  through ' so  great  altitudes.  In  this  region  the  altitudes 
deduced  from  railroad  levelings  are  few,  and  even  these  are  not  well  ascertained.  For 
instance,  the  altitude  of  Denver  as  determined  from  the  Santa  F6  and  the  Denver  and 
Rio  Orande  Railroad,  would  be  78  feet  higher  than  the  adopted  altitude  deduced 
from  levelings  connecting  it  with  those  of  the  Union  Pacific  R  iilroad.  The  adopted 
valne  is  probably  the  more  correct  one,  but  the  difference  between  the  two  indicates 
that  there  is  considerable  uncertainty  in  either.  But  half  or  more  of  the  altitudes 
through  the  high  plateau  region,  marked  B  in  Table  I,  have  been  determined  baromet- 
rically merely  by  adopting  such  altitudes  as  would  make  the  reduced  sea-level  pressures 
for  the  mean  of  the  year  harmonize  best  with  those  of  the  nearest  stations  around  whose 
altitudes  hod  been  determined  by  railroad  levelings.  Although  this  smooths  off  the  re- 
sults, yet  the  whole  system  depends  upon  an  inconsiderable  number  of  stations  with  al- 
titudes well  determined.  'The  reduction  tables,  therefore,  for  all  this  region  must  be 
regarded  as  preliminary  and  approximate  only  until  there  are  more  stations  with  well  de- 
termined altitudes. 

From  an  examination  of  Chart  IV  it  is  seen  that  there  are  two  regions  of  high  press- 
ure, the  one  in  the  S£,  near  the  Atlantic,  and  the  other  in  Oregon  and  Washington  Ter- 
ritory. The  former  is  an  extension  of  the  permanent  area  of  high  pressure  in  the  At- 
lantic Ocean  about  the  parallel  of  30°  or  35°,  extending  to  the  coast  and  somewhat  into 
the  interior  of  the  United  States,  but  leveled  down  in  the  Mississippi  Valley  by  the  de- 
flection of  the  westerly  current  of  the  trade  wind  by  the  Rocky  Mountain  range  up  this 
valley  and  around  inti  the  prevailing  easterly  current  of  the  higher  latitude.  By  the 
well-known  deflection  of  this  current  to  the  right,  depending  upon  the  earth's  rotation, 
there  must  be  a  gradient  of  decreasing  pressure  from  the  central  part  of  high  pressure  in 
all  directions,  SW.,W.,  and  NW.,  as  indicated  by  the  chart.  The  high  pressure  in 
Oregon  and  Washington  Territory  no  doubt  arises  from  the  obstruction  of  the  Rocky 

14  SIG 
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Monntain  range  to  the  general  eaaterly  motion  of  the  atmosphere  in  those  latitudes. 
Hence  between  these  two  high  areas  there  is  a  sort  of  trough  of  lower  pressure  extending 
fh)m  the  Gnlf  of  Mexico  up  to  the  higher  latitudes  and  connecting  with  the  lower  press- 
ure of  those  latitudes  prevailing  generally  all  around  the  globe.  Upon  the  whole,  Uiere- 
fore,  the  tables  give  apparently  a  consistent  chart  of  mean  annual  sea-level  isolMus,  some- 
what such  at  least  as  must  exist,  from  what  we  know  of  the  atmospheric  currents  and 
their  consequent  modification  of  atmospheric  pressures. 

The  normal  monthly  averages  of  the  temperature  for  January  and  July,  reduced  to 
sea  level  by  the  same  law  as  in  the  case  of  the  normal  annual  averages,  are  given  in  Charts 
II  and  III.  Those  for  January  are  somewhat  irregular  for  some  of  the  higher  stations, 
especially  on  the  eastern  side  of  the  Rocky  Mountains,  where  the  temperatures  are  mostly 
too  low  to  correspond  with  the  isotherms  based  mostly  upon  observed  temperatures  of 
stations  of  lower  altitudes.  This,  as  in  the  case  of  the  annual  means,  is  due  to  the  foehn 
effect  of  the  strong  westerly  winds  of  this  season,  dropping  down  to  much  lower  levels 
after  passing  the  summit  of  the  Rocky  Mountains.  It  is  well  known  that  all  along  the 
eastern  base  of  this  region,  extending  some  distance  eastward,  there  is  a  belt  in  winter 
of  much  higher  temperature  than  that  farther  east  on  the  same  latitude,  even  at  much 
lower  altitudes.  This  effect  even  causes  an  inversion  of  the  rate  of  decrease  of  tempera- 
ture with  increase  of  altitude,  making  it  increase  instead  of  decrease,  if  we  compare 
Denver,  Cheyenne,  Dead  wood,  &c.,  with  North  Platte  and  other  places  farther  east  on 
nearly  the  same  latitudes. 

In  comparing  open-air  observations,  as  those  of  a  balloon  or  a  mountain  peak,  with 
those  of  a  plane  near  sea  level,  the  rate  of  decrease  of  temperature  with  increase  of  alti- 
tude is  found  to  be  greater  in  summer  than  in  winter,  but  where  the  upper  station  is  on 
a  high  plateau  there  is  probably  little  difference.  The  reductions  of  the  normal  press- 
ures for  January  and  July  were,  therefore,  first  computed  with  the  monthly  normals  of 
temperature  at  the  upper  station,  and  with  this,  reduced  to  sea  level  by  the  same  rule, 
as  the  temperature  below.  But  in  comparing  the  normal  reduced  pressures  for  January 
and  July  it  was  found  that  pretty  uniformly  all  over  the  United  States  in  the  Missis- 
sippi and  Missouri  Valley,  and  also  along  the  Pacific  coast,  and  at  all  places  where  the 
altitudes  of  the  stations  were  not  very  great,  the  difference  of  pressure  between  Janu- 
ary and  July  was  only  about  0.1 5  of  an  inch,  while  for  all  the  high  plateau  stations  they 
ranged  mostly  from  6.3  to  0.4  of  an  inch.  It  was  therefore  evident  that  these  greater 
differences  for  the  high  plateau  stations  arose  from  using  too  low  temperatures  in  the  re- 
ductions of  January  and  too  high  ones  in  those  of  July,  for  those  of  the  open-air  temper- 
atures, which,  we  have  seen,  are  rather  the  ones  required  in  reductions  to  sea  level.  In 
winter  it  is  well  known  that  the  surface  of  the  earth,  whether  of  a  high  plateau  or  of  a 
low  plane,  is  lower  than  that  of  the  open  air  at  only  a  moderate  elevation  above,  and 
that  the  reverse  of  this  is  true  in  summer.  For  this  reason  all  the  reduced  pressures, 
using  the  observed  temperatures  at  or  near  the  surface,  for  all  the  high  stations,  were  too 
great  in  January  and  too  small  in  July,  and  hence  the  differences  too  great.  It  was 
therefore  necessary  to  apply  some  corrections  to  the  reductions  for  the  extremes  of  Jan- 
nary  and  July,  and  this  correction  was  determined  upon  the  principle  that  the  differ- 
ences of  the  liednced  pressures  of  the  high  stations  for  January  and  July  should  not  be 
greater,  on  the  average,  than  those  of  the  low- level  stations. 

Since  in  January  the  observed  temperatures  are  too  low,  and  in  July  too  high,  to  be 
used  as  open-air  temperatures,  it  is  reasonable  to  assume  that  they  differ  from  the  open- 
air  temperatures  in  proportion  to  the  deviation  of  the  observed  temperature  above  or 
below  the  annnal  mean.  The  error  in  reduction  to  sea  level  is  sensibly  proportiomU  to 
the  error  in  the  temperature  used  in  computing  this  reduction.  It  is  also  in  proportion 
to  the  altitude  of  the  station.     Hence,  putting 

^  ^the  departure  of  the  temperature  from  the  normal  annual  temperature, 

if = the  altitude  of  the  station, 

c=the  average  departure  of  pressure  at  sea  level  from  the  normal  annnal  pressure, 

a  =  the  observed  departure  of  pressure  reduced  to  sea  level,  the  correction  of  a  for  error 
of  temperature  used  in  the  reduction  must  be  as  the  product  of  A  into  H,  and  hence  we 
must  have  a  =  c  +  C^  if,  in  which  c  and  C  are  constants  to  be  determined  from  observa- 
tions of  a  and  A  &ta  number  of  high  and  contiguous  low  stations,  by  the  method  of 
least  squares.  For  this  purpose  the  values  of  A  and  a  obtained  from  the  normals  of 
January  and  July  can  be  used.  The  following  table  contains  these  for  the  principal 
plateau,and  all  the  adjacent  lower  stations  in  the  Mississippi  and  Missouri  Valley  and  on 
the  Pacific  coast,  contained  in  the  five-year  normals  already  referred  to.  With  these 
values  of  ^  and  a,  and  the  values  of  R^  the  preceding  equation  gives  an  equation  of 
condition  for  each  station  from  which  to  determine,  by  the  method  of  least  squares,  the 
most  probable  values  of  c  and  C.  We  thus  get  c  =0.073  and  C==-  0.00105,  if  we  express 
IT  in  thousands  of  feet  as  a  unit,  and  hence  we  get  CA  i7= 0.00105  A  ffsts  the  cor- 
rection of  the  reduction  to  sea  level  for  the  error  arising  from  using  erroneous  tempeia- 
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tuies  where  they  differ  from  theannnal  normal,  for  by  the  principle  above  a  differs  from 
eonly  on  account  of  errors  of  temperature  used  in  .the  TCdnction,  and  these  are  sup- 
posed to  vanish  for  the  annual  normal,  in  which  case  A=co, 

Table. 


station. 


Bennett.. 

Benton 

Bismarck 

Baford. 

Cairo 

Cape  Mendocino 

Cheyenne 

Concho 

Custer. 

Davenport. 

Dayton 

Deadwood 

Denver 

Des  Moines 

Dodge  City 

Elliott. 

ElPaso 

Helena 

Huron,  Dak 

Keokuk. 

La  Crosse 

Leavenworth..... 


H. 

A, 

o 

a. 

Res. 

Ftet, 

Inch. 

Inch. 

1,510 

30 

0.162 

+.042 

2,6eo 

29 

.202 

+.047 

1,004 

32 

.130 

.000 

1,854 

80 

.193 

+.064 

359 

22 

.072 

—.009 

637 

4 

.182 

+.066 

6,105 

21 

.157 

—.050 

1,900 

19 

.112 

+  .001 

3,040 

26 

.148 

—.008 

615 

26 

.082 

—.008 

1,683 

19 

.126 

+.019 

4,  GOO 

21 

.123 

—.052 

5,294 

22 

.168 

—.028 

»19 

26 

.095 

—.001 

2,517 

25 

.183 

—.006 

2,700 

26 

.107 

—.038 

8,764 

18 

.140 

—.003 

4,069 

25 

.188 

+.008 
+.012 

1,807 

m 

.126 

618 

26 

.060 

—.010 

725 

27 

.080 

—.014 

842 

25 

.090 

—.005 

Station. 


Leiriston 

Little  Rock 

Los  Angeles 

Memphis 

North  Platte 

Omaha 

Prcscott 

Roseburs 

Saint  Louis 

Saint  Paul 

Salt  Lake  City 

Santa  F6 

Shaw,  Fort  .....t 

Shreveport 

San  Franoisoo-.M 

Sacramento. 

Portland,  Oreg 

Spokane  Falls. 

Stockton .................... 

y  icksburg. 

W.  Las  Animas 


B. 

A. 

A. 

FeeL 

o 

Iftchea. 

180 

22 

0.070 

288 

22 

.063 

889 

8 

.071 

820 

20 

.063 

2,841 

25 

.145 

1,113 

27 

.102 

6,389 

20 

,191 

523 

13 

.007 

671 

23 

.078 

831 

21) 

.085 

4,848 

23 

.241 

7.026 

20 

.216 

8,530 

24 

.179 

227 

18 

.052 

60 

80 

.095 

64 

82 

.138 

80 

88 

.024 

1,906 

22 

.134 

8,010 

18 

.184 

244 

17 

.050 

8,899 

27 

.191 

Res. 


Inch, 

—.021 

—.017 

—.005 

—.016 

—.003 

— .a>2 

+.005 

—.023 

—.009 

—.012 

+.068 

—.006 

+.017 

—.023 

+.020 

+.063 

—.051 

+.017 

+.004 

—.027 

+.008 


With  the  constants  above  the  preceding  equation  is  satisfied  for  each  of  the  stations 
with  the  given  residuals.  It  is  seen  that  some  of  these  are  somewhat  large  both  for  the 
low  and  the  high  stations,  amounting  in  a  few  cases  to  more  than  a  half-tenth  of  an  inch 
of  pressure.  This  arises  in  part  from  errors  in  the  principle  adopted,  which  must  be 
regarded  as  being  only  approximate,  and  in  part  from  abnormal  local  difierences  in  the 
values  of  a,  which  are  considerable  also  in  the  nearly  sea-level  stations  where  there  is 
little  reduction  to  sea-level,  and  where  consequently  these  differences  can  not  be  due  to 
errors  in  these  reductions.  By  the  correction  term  in  the  preceding  equation  the  reduc- 
tions and  the  sea-level  pressures  are  increased  for  temperatures  atwve  the  annual  nor- 
mal and  decreased  for  all  temperatures  below  this  normal,  and  for  the  plateau  stations 
it  makes  the  annual  range  of  reduced  pressures  somewhat  the  same,  on  the  average,  as 
at  the  nearly  sea-level  stations.  This  correction,  containing  ^as  a  factor,  is  of  course 
small  for  most  of  the  stations,  and  only  becomes  considerable  for  high  stations,  and  es- 
pecially so  for  those  of  large  temperature  ranges,  or  values  of  A,  whether  of  annual  or 
abnormal  changes. 

Table  I  contains  the  reductions  to  sea-level  and  standard  gravity  for  each  of  the  stations 
of  the  Signal  Service  corresponding  to  the  approximate  annual  normal  denoted  by  Bq  and 
given  in  the  table.  The  reduction  corresponding  to  the  annual  normal  temperature  of 
each  station  has  been  computed  by  means  of  the  usual  formula,  using  the  annual  nor- 
mal temperature  at  the  upper  station,  and  this  increased  at  the  rate  of  1^  for  each  600 
feet  of  altitude  for  the  sea-level  temperature.  For  the  reductions  of  diurnal  averages  of 
pressure  in  which  the  diurnal  average  temperature  is  greater  or  less  than  the  annual 
normal,  the  reductions  have  been  computed  in  the  same  manner,  but  afterward  cor- 
Tcxsted  by  tiie  term  0. 00105  .^IT,  as  has  been  explained.  The  table  is  so  arranged  that 
the  diurnal  mean  temperature  of  the  upper  station  must  be  used  as  an  argument,  but 
it  must  be  understood  that  the  reductions  are  not  precisely  those  given  by  the  formula 
with  this  temperature  above,  and  this  increased  at  the  adopted  rate  for  sea-level,  except 
for  the  annual  normal  temperature,  but  this  reduction  with  the  preceding  correction 
applied. 

As  a  correction  to  the  reduction  has  to  be  applied  for  annual  ranges  of  temperature 
above  or  below  the  annual  mean,  so  in  the  case  of  the  reductions  of  individual  observa- 
tions, subject  to  diurnal  changes,  a  similar  correction  has  to  be  applied  for  all  temper- 
atures above  or  below  the  diurnal  mean,  and  the  latter  has  to  be  much  greater  in  pro- 
portion to  the  amount  of  temperature  deviations  from  the  mean,  for  the  periods  of  the 
diurnal  oscillation  of  temperature  are  much  shorter,  and  consequently  the  temperature 
changes  of  the  open  air  cannot  follow  those  of  the  earth's  surface  nearly  so  closely  as 
io  cose  of  the  annual  changes.  The  diurnal  changes  in  the  open  air,  in  general,  are 
perhaps  not  more  than  about  one-fourth  of  what  they  are  at  the  earth's  sur&ce.    That 
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dimnal  changes  of  temperature  have  bat  little  leal  effect  apon  redactions  to  sea-level 
is  evident  from  the  fact  that  in  barometric  hypsometry,  only  very  small  ranges  of  tern- 
peratare  between  mornlne;  and  the  warmest  part  of  the  day  are  required  to  obtain  from 
observation  the  same  altitude  as  when  the  observations  are  made  at  tiie  mean  tempera- 
ture of  the  day. 

In  redactions  to  sea- level,  also,  we  introduce,  for  high  stations,  a  large  diamal  in- 
equality into  the  redaced  pressures,  if  we  use  the  extreme  temperatures  of  the  day  in 
clear  weather,  whereas  observation  shows  that  these  diurnal  clunges  aro  veiy  small  at 
or  near  sea-level.  As  in  the  case  of  the  annual,  so  in  the  diurnal  ranges  of  the  tempera- 
ture; therefore,  a  correction  must  be  applied  for  extreme  temperatures,  and  in  the  latter 
case  this  has  beeadone  here  approximately,  in  the  regular  tri-dally  observations  of  the 
stations,  by  using  as  the  temperature  argument,  not  the  observed  temperature  of  the 
hour,  but  the  mean  of  double  the  current  observation  of  temperature,  and  the  sum  of 
the  two  preceding  ones.  By  this  arrangement  only  about  one-fourth  partof  the  effect  of 
the  extreme  diurnal  range  is  taken  in,  and  this  reduces  the  diurnal  range  for  the  high 
stations  to  about  what  is  usually  observed  at  and  near  sea-level. 

Table  11,  with  arguments  Bo  and  J  B,  contains  the  usual  correction  for  variation  of 
pressure  at  the  station.  This,  it  is  seen,  is  small  for  low  stations,  but  for  high  stations 
and  unusual  variations  of  pressure  it  becomes  a  very  important  correction.  It  has  been 
computed  from  the  formular-7 

Correction=|  ^—1  l^B 


<fe-) 


in  which  Bo^,  being  the  value  of  ^0  at  sea-level,  has  been  assumed  for  all  stations  to  be 
equal  to  30  inches.  This,  it  is  seen  from  Chart  III,  is  very  nearly  the  case,  especially 
for  all  the  high  stations  in  the  west,  where  alone  a  small  error  can  have  any  sensible 
effect. 

By  means  of  these  two  tables  the  monthly  normals  for  January  and  July  have  been 
reduced  to  sea-level,  using  the  corresponding  normals  of  temperature  as  argaments. 
The  results  are  given  in  Charts  V  and  VI.  By  comparing  these  charts  It  is  seen  that  the 
difference  of  pressure  between  January  and  July  is  on  the  average  and  pretty  uniformly, 
about  0.15  of  an  inch,  whereas  if  the  correction  for  the  extreme  temperatures  of  Janu- 
ary and  July  had  not  been  applied,  the  differences  for  the  high  stations  would  have  been 
generally  much  more. 

The  expanded  tables  which  have  been  furnished,  one  to  each  station,  have  been  formed 
by  taking  the  part  of  Table  I  belonging  to  each  station  and  applying  to  it  the  proper 
correction  from  Table  11.  In  this  way  tables  were  obtained,  one  only  for  each  station, 
with  the  observed  temperature  and  pressure  of  the  station  a^i  arguments  from  whlidi  the 
proper  redactions  can  be  taken  with  little  or  no  interpolation  even  in  case  of  the  highest 
stations. 

Reduction  of  barometric  pressure  to  sea-level  and  to  standard  gravity. 

USE  OF  THE  TABLES. 

The  first  redaction  is  obtained  from  Table  I,  with  one-fourth  of  twice  the  last  ai^d  the 
two  preceding  tr  i-daily  temperature  observations  of  the  station  as  an  aigumen  t.  To  this 
add  or  subtract,  as  the  case  may  be,  the  second  reduction  obtained  flrom  Table  FT,  with 
JB  and  ^0  as  arguments.  This  sum  or  difference  is  the  complete  reduction  to  be  added 
to  the  observed  pressure  at  the  station. 

If  jdB  is  positive;  that  is,  if  the  observed  barometric  pressure  is  greater  than  the  mean 
Bo  then  the  second  reduction  from  Table  II  is  additive,  but  otherwise  it  is  subtractive. 
The  values  of  Bo  are  given  in  Table  I,  opposite  the  names  of  the  stations. 
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APPENDIX  24. 

REPORT  OF  PB0FEB80B  WILLIAM  FERRET^  ASSISTANT,  ON  PSYCHROMET- 
RIO  TABLES  FOR  USE  IN  THE  SIGNAL  SERVICE 

Signal  Sebyice  Office, 

Washingior^  December  10,  1885. 

Sib:  I  have  the  honor  to  transniit  herewith  a  report  upon  the  work  assigned  me  of 
adapting  the  peychrometric  formola  to  the  whirled  piychrometer  and  of  preparing  psy- 
chrometric  tables  based  upon  it  tor  the  nse  of  the  Signal  Service.  To  this  end  I  was 
instmcted  to  nse  the  experiments  made  in  Colorado  by  Junior  Professor  Marvin  espec- 
ially for  this  pnrpose,  and  also  to  discuss,  and  utiliza  as  far  as  possible,  obssrvations 
made  elsewhere.  In  the  determination  of  the  constant  in  ths  new  adaptation  of  the 
formula  only  such  experiments  could  be  used  to  advantage  as  had  been  made  in  ac- 
ooidauce  with  the  proposed  new  manner  of  usin^  the  psychrometer;  and  the  unex- 
pectedly laige  number  of  experiments  in  Colorado  on  account  of  delays  in  ascending  to 
Pike's  Peak  rendered  it  entirely  unnecessary  to  seek  others,  except  for  the  sake  of  hav- 
ing a  greater  weight  of  experiments  at  and  near  sea-level,  where  psychrometrio  tables 
are  mostly  used.  In  addition,  therefore,  to  the  comparative  simultaneous  experiments 
made  at  Washington  by  Professors  Marvin  and  Hazen.  after  the  return  of  the  former 
from  Colorado,  those  which  had  been  previously  made  by  the  latter  in  Massachusetts  and 
Washington  with  a  whirled  psychrometer  have  likewise  been  used. 

A  partial  discussion  was  i^ade  of  the  experiments  made  by  Pvt.  Delano  at  Tuma,  and 
Sergeant  Leitzell  at  Colorado  Springs  and  Pike's  Peak,  in  1883,  with  little  or  no  special 
ventilation,  but  the  results,  as  usual  where  there  is  but  little  ventilation,  were  so  dis- 
cordant, and  so  different  firom  those  obtained  fh>m  the  experiments  with  the  whirled  psy- 
chrometer, that  they  were  Judged  to  have  no  weight  in  comparison  with  that  of  the  very 
satislkctory  results  obtained  tluoughont  from  the  experiments  with  the  whirled  psychro- 
meter. 

I  am,  very  respectfully,  yours, 

WILLIAM  FERREL, 
Professor  and  Aseiatani, 

The  Chief  Signal  Officer  of  the  Abmt. 


BEPOBT  ON  VAPOB  TENSION,   DEW-POINT,  AND  BBLATIVB  HUMIDITY  TABLES. 

1.  The  psychrometrio  formula,  which  is  required  to  be  reduced  to  tables,  may  be  ex- 
pressed in  the  following  general  form: 

(1)  p=:p,— -4P(r~r,) 

in  which — 

r  =  the  air  temperature; 

Ti  =5  the  temperature  of  the  wet-bulb  thermometer; 
p  ssthe  tension  of  aqueous  vapor  in  the  air; 
pi  ssrthe  tension  of  saturation  at  temperature  rj ; 
P  ssthe  barometric  pressure; 

A  =sa  function  which  is  a  constant,  independent  of  the  vapor  tension,  only  under 
certain  fixed  conditions. 

This  formula  has  been  deduced  by  both  Maxwell*  and  Stefan f  upon  the  principles  of 
the  interdiffosion  of  gases,  and  has  been  further  considered  theoretically  by  the  present 
writer,  t  to  which  treatises  reference  must  be  made  for  the  theory  of  the  formula,  since 
it  is  not  convenient  to  introduce  any  theoretical  researches  here. 

*  Encyclopedia  Britannica,  ninth  edition,  article  Diffhsion. 
tTeit.  der  Oest.  Gesell.  far  Meteorologle,  XVI,  p.  177. 
t  Recent  Advancements  in  Meteorology. 
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The  valae  of  ^  above,  except  so  far  as  it  depends  in  a  veiy  small  meastixe  npon  n, 
has  nsnally  been  regarded  as  a  constant  nnder  all  conditions  of  ventilation,  mte,  and 
shape  of  the  wet  bolb,  thickness  o  f  stem,  &c.  In  order  for  this  to  be  the  case,  it  woold 
be  necessary  for  r — ri,  the  amount  of  cooling  of  the  wet  bulb  by  evaporation,  to  be  the 
same  nnder  all  these  conditions;  bnt  it  has  been  long  known,  and  can  be  readily  shown 
by  the  most  casual  and  crnde  experiments,  that  this  is  not  so. 

More  than  a  half  century  ago  belli,*  a  distingnished  Italian  physicist,  showed  by  ex- 
periment that  the  amount  of  cooling  of  the  wet-bulb  thermometer  by  evaporation  de- 
pends both  npon  the  amount  of  agitation  of  the  air  and  upon  the  size  and  diape  of  the 
bulb.  His  experiments  showed  that  in  passing  from  tranquil  air  to  that  having  a  mo- 
tion  of  a  few  meters  per  second,  there  was  a  considerable  depreasion  of  the  temperature 
of  the  wet  bulb,  and  that  in  the  passage  from  tranquil  air  to  that  having  a  velocity  of 
one  meter  per  second  the  effect  was  very  much  more  than  in  the  passage  from  air  with 
a  velocity  of  one  meter  per  second  to  that  with  a  velocity  of  three  meters  per  second, 
and  that  with  an  increase  of  velocity  beyond  three  meters  per  second  there  was  scarcely 
any  further  depression  of  the  temperature.  He  also  found  that  the  smaller  the  bulb, 
whatever  its  shape,  the  greater  was  the  depression  of  temperature  for  any  given  velocity 
of  ventilation,  but  that  the  differences  of  temperature  depending  upon  size  and  shape 
gradually  diminished  with  increase  of  ventilation,  and  vanished  with  that  velocity 
which  gives  sensibly  4he  maximum  depression  of  temperature. 

(2.)  Since  the  value  of  r — ri  therelbre  depends  upon  both  the  size  and  shape  of  the 
bulb  and  the^amount  of  agitation  of  the  air,  it  was  evident  that  the  indications  of  the 
p^chrometer  under  all  conditions  could  not  be  used  for  determining  from  the  psychro- 
metric  formula  the  hygrometric  state  of  the  air,  unless  they  were  always  taken  with 
some  given  size  and  shape  of  bulb  and  velocity  of  ventilation,  or  else  with  that  velocity 
of  ventilation  which  gives  the  maximum  depression  of  temperature  of  the  wet  bulb,  in 
which  case  the  differences  depending  upon  size  and  shape  vanish.  Belli,  therefore,  leo- 
ommended  the  use  of  a  ventilated  psychrometer,  and  he  was  the  first  to  do  so,  and  he 
also  devised  an  apparatus  by  which  a  current  of  air  could  be  drawn  through  a  tube,  first 
over  the  dxy,  and  then  over  the  wet  bulb  by  means  of  the  reverse  action  of  a  bellows. 

It  is  well  known  that  Espy,  also,  in  his  psychrometric  observations,  always  used  a 
sling  psychrometer.  His  language  is:  * '  When  experimenting  to  ascertain  the  dew-point 
by  means  of  the  wet  bulb  I  always  swung  both  thermometers  moderately  in  the  air, 
having  ffirst  ascertained  that  a  moderate  movement  produced  the  same  depression  as  a 
rapid  one. ' '  From  the  indications  obtained  in  this  manner  be  obtained,  by  means  of  an 
empiric  formula  devised  for  the  purpose,  the  hygrometric  state  of  the  air.  Although 
his  formula  was  imperfect,  and  not  applicable  with  much  accuracy  to  either  extreme  of 
temperature,  yet  for  a  luge  range  of  medium  temperatures  it  gave,  in  general,  much 
better  results  than  Regnanlt's  formula,  with  the  value  of  A  usually  adopted,  where  the 
psychrometer  is  not  vimH  under  the  conditions  of  velocity  of  ventilation,  size  and  shape 
of  the  bulb,  &c,  to  which  the  value  of  the  constant  is  adapted,  but  under  any  condi- 
tions existing  at  the  time. 

(3)  Although  so  long  a  time  has  now  elapsed  since  these  initial  attempts  to  introduce 
the  use  of  the  whirled  or  ventilated  psyduometer.  yet  meteorologists  of  the  present 
time  are  just  beginning  to  see  the  importance  of  adopting  the  principles  and  methods 
of  these  two  distinguished  pioneers  in  true  psychrometry.  This  arises  from  the  fact 
that  recently  many  comparisons  of  results  given  by  the  ventilated  or  whirled  psychom- 
eter  with  those  given  by  the  ordinary  use  of  the  psychrometer,  and  also  of  those  given 
by  the  latter  with  the  indications  of  the  condensing  and  other  hygrometers,  have  been 
made,  and  the  great  differences  noted.  From  these  it  is  evident  that  the  psychrometer, 
as  it  has  been  used,  is  veiy  imperfect,  so  much  so  that  Dr.  Assman,  of  Mt^ebuig,  Ger- 
many, has  recently  stated,  and  justly,  that  *'  it  is  the  most  uncertain  of  all  meterological 
instruments.'' 

This  is  fhlly  confirmed  by  a  comparison  of  vapor  tensions  given  by  the  psychrometer 
and  condensing  hygrometer  in  experiments  recently  made  in  connection  with  the  SiKual 
Service.  The  following  table  contains  the  vapor  tensions  obtained  by  Langley  f  ftt  Lone 
Pine  Station,  Arizona,  in  his  Mount  Whitney  expedition,  with  the  psy<£iometer  and 
Guyot's  Tables  and  Renault's  condensing  hygrometer: 

*Corso  elementare  di  Fisica  Sperimentale  di  Giuseppe  Belli,  Professor  di  Fisica  nell, 
L  R.  lioeo  di  Porte  Nuovo  in  Milauo,  1830. 
t  Mount  Whitney  expedition. 
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Dale. 

Local  time. 

Wind. 

Force  of  Tapor. 

PBychrom- 
eter. 

Hygrom- 
eter. 

• 

August  8. 
August  8. 
August  9. 
August  10. 
August  11. 
August  11. 
August  12. 
August  12. 
August  13. 
August  14. 
August  14. 

A,  fit. 

8  15  a.  m. 
8  15  p.  m. 
8  15  a.  m. 
8  16  p.  m. 
8  15  a.  m. 
8  15  p.  m. 
8  15  a.  m. 
8  15  p.  m. 
8  15  a.  m. 
8  15  a.  m. 
8  15  p.  m. 

Gentle. 
Fresh. 
Calm. 
Fresh. 
Gentle. 
Fresh. 
Gentle. 
Fresh. 
Gentle. 
Calm. 
Variable. 

flUft. 

16.18 

10.89 

16.65 

10.08 

1L61 

6.52 

12.20 

12.10 

13.00 

9.98 

5.04 

9.72 
8.87 
11.70 
&87 
7.08 
5.84 
7.89 
8.23 
7.49 
8.08 
5.51 

S£ean ..... 

11.30 

8.07 

In  every  case  except  one  the  psychrometer  gave  a  vapor  tension  too  great,  and  on  the 
average  it  gave  one  which  is  nearly  one-half  too  great 

The  following  is  a  comparison  of  vapor  tensions  given  by  the  psychrometer  with  Gnyot's 
tables  and  Allnard's  condensing  hygrometer,  in  the  experiments  made  by  Private  Stnart 
M.  Leitzell,  of  the  Signal  Service,  at  Colorado  Springs,  during  the  latter  part  of  August, 
in  the  series  made  alternately  at  Colorado  Springs  and  on  Pike's  Peak  during  the  year 
1883.  Also  in  the  case  of  similar  experiments  made  by  W.  S.  Delano  at  Yuma,  Axiz., 
during  the  same  year: 


Leitzell. 

Delano. 

Vapor  tensions. 

Date. 

Vapor  tensions. 

Date. 

r 

• 

a 

P-H. 

a  ^ 

1^ 

• 

a 

n 

• 
P— H. 

M^Vi^m    JLflr  ••■•••••••••«•••«••••••••••* 

8.07 

&49 

9.55 

9.08 

8.62 

7.61 

8.34 

9.10 

8.63 

9.12 

11.62 

10.83 

8.44 

9.31 

11.18 

12.43 

12.80 

8.C5 

12.41 

11.44 

10.63 

8.50 

10.71 

11.17 

10.34 

7.96 

mm, 
6.20 
6.97 
6.97 
5.58 
5.46 
4.41 
6.69 
7.42 
7.86 
6.37 
10.16 
7.12 
6.92 
7.42 
11.14 
11.43 
10.85 
6.a3 
10.92 
8.06 
7,36 
5.46 
8.06 
7.17 
7.31 
4.16 

fK/tfkm 

1.87 
1.62 
2.68 
8.60 
8.16 
3.10 
1.65 
1.68 
1.27 
2.75 
1.40 
8.71 
1.52 
1.89 
0.04 
1.00 
2.01 
2.82 
1.49 
2.78 
3.27 
8.04 
2.63 
4.00 
8.03 
4.80 

Sept  25 

mm. 
7.77 

10.03 
6.31 
8.23 
7.83 
9.06 

11.67 
6.00 

10.71 
7.95 

12.94 

13.17 
9.42 
9.20 
8.12 
7.14 
5.96 
4.54 
9.66 

11.30 
5.02 
2.69 
4.83 
3.86 
7.24 
5.48 

mtn. 
7.78 
8.96 
5.50 
5.12 
6.74 
4.91 

11. 5S 
4.74 
9.64 
6.69 

12.12 

12.12 
a  78 

6.64 
6.60 
5.80 
4.41 
10.16 
9.20 
4.67 
3.28 
4.80 
4.31 
7.26 
6.24 

— O.Ol 

26.. a.........  ••••........•. 

4-1.07 
-f0.8l 

a « 

27 

+3.U 
4-1.09 

28 

+4.15 
+0.09 

29 

+1.26 
+1.07 

24. 

80 

+1.26 
+0.82 

Oct.     1 

+1.05 
+0.64 

26 

2 

+1.15 
4-1.48 

4T 

■ 

+1.48 
+0.10 

4 

+0.18 
—0.30 

29. 

7 

+2.10 
+0.35 
—0.59 
—0.47 

80. 

81 

—0.45 
—0.02 

Means* ■ m>. 

—0.76 

Meii»»*r......r..,.TT  -- 

9.80 

7.45 

2.SS 

7.92 

7.12 

+0.80 

In  the  case  of  LeitzelVs  experiments  the  psychiometer  again,  with  Guyot's  tables, 
gives  ft  vapor  tension  too  laige  in  every  case,  and  in  the  average  of  the  twenty-six  ex- 
periments, one  which  is  about  one-third  too  large.    In  Delano's  experiments  the  differ- 
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ences  in  iniiTidoal  caaea  ard  ofldu  qalte  lar^3,  bat  ia  tha  avora^3  th3  difference  is  very 
mach  smaller. 

(4)  It  is  not  to  be  sapposed  thit  thesa  large  differences  in  the  preceding  comparisons 
are  doe  to  inaocoiacies  in  the  experlmeats.  They  arise  simply  from  the  use  of  the 
psychrometer  under  conditions  to  which  the  constant  i  n  R^gnanlt's  formola  and  Gnyot*« 
tables  baaed  npon  it  are  n3t  applicablOi  for  to  obtnin  trae  results  in  the  ordinary  nse  of 
the  p3ychTometer  it  vroald  be  necessary  t)  h%ve  a  different  constant  in  the  formula  and 
a  different  set  of  tables  for  e^ery  change  of  breeze. 

In  the  case  of  Langley's  experiments  there  seems  to  have  been  but  little  wind,  per* 
haps  nearly  a  calm,  where  the  thermometers  were  exposed.  Leitzell  and  Delano  were 
instructed  to  fiw  the  thermometers  when  the  velocity  of  the  wind  was  lees  than  !(/ 
miles  per  hour.  The  fanning  of  the  former  does  not  seem  to  have  had  much  effect,  since 
there  is  generally  not  much  difference  in  the  depression  of  the  wet-bulb  when  fanned 
and  unfanned,  the  readings  for  both  being  given.  Hence  the  differences  between  the 
psychrometer  and  hygrometer  are  large,  nearly  as  much  so  as  in  the  case  of  Langley's 
unfanned  psychrometer.  Delano  seems  to  have  fiuined  more  effectually,  as  appears  in 
the  greater  differences  between  the  readings  of  t^e  wet-bulb  thermometer  when  fanned 
and  when  not  fanned;  and  hence  there  is,  in  general,  a  better  agreement  of  his  psy- 
chrometer with  the  hygrometer.  If  the  thermometer  had  not  been  fiinned  at  all  tiie 
differences  in  the  preceding  table  between  the  psychrometer  and  Hygrometer  would,  in 
general,  have  been  considerably  greater.  It  is  safe  to  state,  therefore,  that  vapor  ten- 
sions, as  usually  obtained  with  the  psychrometer  in  close  shelters  without  speoal  ven- 
tilation, are,  on  the  average,  at  least  one-third  too  great. 

(5)  That  the  same  constant  in  the  psychrometric  formula  and  the  same  tallies  cannot 
be  used  with  the  psychrometer  under  all  conditions  is  well  shown  by  the  recent  very 
important  researches  on  this  subject  by  Sworykin,  of  St.  Petersburg,  Russia.  Putting 
the  formula  into  the  form  of  the  preceding  equation  (1),  he  has  shown  by  carefU  experi- 
ments that  the  values  of  A  required  to  satisfy  the  equation  when  the  psychrometer  is 
used  with  different  velocities  of  ventilation  and  with  two  different  kinds  of  tiiermometer 
bulbs,  are  as  given  in  the  following  table,  in  which  the  numerical  values  of  ii  are  read 
from  curves  in  the  graphic  representation  of  his  results: 


Yelooityofven- 

Valaes  of  A  for  i 

%  psychrometer. 

With  cylindri- 

tera per  ae^y 

With  spherical 

cal  bulbs  8«> 

oncU 

bulbs  10  ■»  in 

in  length  and 

diameter. 

4"*  in  diam- 
eter. 

0.2 

0.001120 

0.000900 

0.4 

g20 

775 

0.6 

845 

730 

0.8 

800 

710 

1.0 

774 

097 

2.0 

712 

670 

8.0 

687 

660 

4.0 

678 

69S 

fi.0 

664 

652 

8.0 

656 

650 

From  these  results  it  is  seen  that  the  value  of  ^  is  large  for  a  small  velocity  of  venti- 
lation, and  that  there  is  a  very  great  change  in  its  v&ue,  while  large,  with  a  small 
change  of  velocity  of  ventilation,  the  change  in  passing  from  almost  a  calm  to  a  velocity 
of  one  meter  per  second  being  very  much  greater  than  that  in  passing  from  a  velocity  of 
one  meter  per  second  to  one  of  three  meters  per  second.  From  an  inspection  of  the 
formula  it  is  seen  that  a  large  decrease  in  the  value  of  A  must  correspond  with  a  large 
incmase  in  the  value  of  t-tu  that  is,  in  the  ddpression  of  the  wet-bulb  temperature. 
Hence  the  experiments  of  Balli  and  of  E^y,  who  found  that  the  amount  of  depression  of 
the  wet  bulb  at  flrst  increased  very  rapi<Uy  with  increase  of  velocity  of  ventilation,  but 
that  there  was  but  little  increase  after  a  vSocity  of  three  meters  per  second  had  been  at- 
tained, are  confirmed  by  thesa  of  Sworykin,  in  which  the  value  of  A  changes  rapidly  at 
first  with  increase  of  ventilation,  but  after  a  velocity  of  three  or  four  meters  there  is 
but  little  further  change  in  itsivalue. 

BelU  also  found  that  the  depression  of  the  wet-bulb  temperature  for  the  same  velocity 
of  ventilation,  when  small,  was  greater  for  small  than  for  large  thermometer  bulbs,  and 
An  accordance  with  this,  Sworykin  likewise  finds  a  smaller  value  of  A  for  a  small  cylin- 
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drical  bulb  than  for  a  larger  spherical  one.  The  former  also  found  that  with  a  velocity 
of  three  meters  per  second  there  was  no  sensible  difterenoe  between  the  temperature  d&> 
pressions  of  large  and  small  bulbs,  and  so  in  the  preceding  tabular  values  of  ii  it  is  seen 
that  there  is  likewise  little  difference  in  the  values  required,  with  velocities  greater 
t^n  three  meters  per  second. 

No  one  familiar  with  the  subject  can  merely  glance  at  the  results  in  the  preoeding 
table  of  Swoiykin's  results  without  seeing  the  futility  of  attempting  to  use  the  same 
tables  either  with  the  same  psychrometer  used  with  different  velocities  of  ventilation, 
or  psychrometers  with  thermometer  bulbs  of  different  sizes  and  shapes,  used  with  the 
same  velocity  of  ventilation,  unless  this  velocity  in  both  cases  is  at  least  three  meters 
per  second;  and  it  isi  fh>m  these,  perhaps,  more  than  fisom  any  others,  that  meteorolo- 
gists are  now  beginning  to  see  the  necessity  of  adopting  the  sling  or  whirled  p^ohro- 
meter. 

With  any  given  shape  and  size  of  thermometer  bulb,  largeness  of  stem,  and  velocity 
of  ventilation,  a  constant  in  the  psychrometer  formula  wo£d  be  determined  and  tables 
constructed  to  correspond,  but  it  is  seen  that,  unless  the  velocity  is  large  this  would 
always  require  the  same  land  of  bulb  and  the  same  velocity,  and  the  latter  to  be  accu- 
rately measured.  But  by  using  a  large  velocity  of  ventilation,  three  meters  or  more  per 
second,  the  same  tables  can  be  adapted  to  any  kind  of  a  thermometer  and  to  all  changes  of 
velocity  above  that  which  gives  sensibly  the  g^reatest  depression  of  the  wet-bulb  tempera- 
ture; tmd  with  this  arrangement  there  is  no  necessity  to  measure  or  estimate  the  veloc- 
ity in  each  case,  but  we  Imve  only  to  be  certain  that  it  does  not  fall  below  a  given  limit. 

(6)  From  what  precedes,  therefore,  it  would  seem  that  the  determination  to  introduce 
into  the  Signal  Service  the  use  of  the  whirled  psychrometer  and  to  have  it  whirled  witii 
a  velocity  of  three  or  more  meters  per  second  and  to  prepare  tables  adapted  to  such  a 
uaeof  it  is  a  wise  one.  The  preparation  of  such  tables  required  the  previous  determina- 
tion of  the  constant  A  in  the  psychrometrio  formula  adapted  to  the  new  method  of  usino^ 
the  psychrometer,  and  this,  of  course,  could  only  be  determined  from  experiments  made 
with  the  psychrometer  used  in  this  manner. 

Few  experiments  had  ever  been  made,  and  none  at  very  high  altitudes,  to  determine 
whether  ihe  same  value  of  the  constant  A^  in  the  ordinary  use  of  the  psychrometer,  held 
at  all  altitudes;  and  these,  it  is  well  known,  have  given  unsatiBfactory  results.  It  was, 
therefore,  very  properly  decided  to  have  the  experiments  for  this  new  determination  of 
the  constant  made  at  several  very  different  altitudes,  ranging  from  sea-level  up  to  the 
top  of  Pike's  Peak. 

From  the  simultaneous  experiments  made  by  Junior  Professor  Marvin  with  a  sling 
psychrometer  and  Regnault's  hygrometer;  from  the  latter  part  of  March  to  the  first  part 
of  August,  1885,  in  Colorado,  at  Colorado  Springs,  near  the  base  of  Pike's  Peak ;  at  the 
Trail  House,  on  the  traU  up  the  mountain  to  the  Peak,  and  on  the  Peak ;  and  also  from 
experiments  made  by  Professors  Marvin  and  Hazen  in  Washington,  and  by  the  latter  in 
Massachusetts,  the  value  of  the  constant  A  has  been  determined  in  the  manner  now  to 
be  described. 

(7)  In  the  first  columns  of  the  following  table  are  given,  in  international  measures,  the 
temperatures  r  of  the  dry  bulb  and  n  of  iAxe  wet  bulb  of  the  slings  psychrometer,  and 
the  dew-point  d  observed  with  Regnault's  hygrometer.  Each  of  these'temperatures  is 
the  average  often  readings  of  the  thermometers  taken  alternately  back  and  forth  with- 
in a  short  time  in  such  a  manner  as  to  make  the  averages  equivalent  to  those  of  simul- 
taneous readings.  It  is  seen  from  the  first  oolumn  that  a  few  of  the  experiments  have 
been  i^ected.  This,  however,  has  not  been  done  in  any  case  where  there  was  not  some 
marginal  note  given  by  the  experimenter  to  indicate  that  the  experiment  was  not  satis- 
fhctory. 
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188 

11.85 

7.66 

4.20 

6.15 

6.20 

—  .06 

209 

21.53 

9.96 

-0.13 

4.62 

4.88 

+  .14 

189 

11.68 

7.65 

3.75 

5.96 

6.13 

-.17 

210 

20.06 

9.25 

—1.18 

4.19 

4.29 

—  .10 

190 

10.70 

6.48 

2.72 

5.53 

5.50 

+  .05 

211 

12.48 

8.03 

3.96 

6.05 

6.21 

—  .16 

191 

10.65 

6.42 

2.42 

5.43 

5.46 

—  .03 

212 

12.91 

8.21 

8.94 

6.04 

6.20 

—  .16 

198 

10.44 

5.99 

3.10 

5.31 

5.17 

+  .14 

213 

12.30 

7.69 

3.62 

6.91 

6.97 

—  .06 

193 

10.63 

6.23 

2.20 

5.35 

5.80 

4  .05 

214 

9.53 

6.05 

2.97 

6.64 

4.67 

+0.07 

194 

15.08 

9.U 

4.21 

6.16 

6.19 

-0.03 

TBAIL  HOUSE. 


215 

9.89 

8.94 

—2.47 

8.81 

3.85 

-O.04 

265 

16.22 

7.08 

—  1.06 

4.22 

4.16 

+0.06 

216 

9.77 

4.03 

—2.22 

8.89 

4.02 

—  .13 

266 

16.86 

6.87 

—  1.54 

4.06 

8.91 

--.17 

217 

7.26 

2.16 

-«.9l 

8.43 

8.46 

—  .03 

267 

15.82 

7.00 

—  0.67 

4.85 

4.23 

+  .12 

218 

7.79 

2.56 

—3.61 

3.60 

3.58 

—  .08 

268 

16.35 

7.56 

0.31 

4.67 

4.62 

+  .15 

219 

9.88 

3.91 

—3.42 

8.83 

8.87 

—  .01 

269 

17.02 

7.89 

—  0.21 

4.50 

4.58 

—  .08 

220 

1L46 

4.94 

—1.25 

4.17 

4.18 

—  .01 

270 

16.98 

7.16 

—  1.21 

4.18 

3.94 

+  .24 

l»2l 

11.91 

5.28 

—1.26 

4.17 

4.20 

—  .08 

271 

17.71 

7.41 

—  2.29 

8.86 

8.90 

—  .04 

Z£2 

12.22 

5.65 

—0.71 

4.34 

4.39 

—  .05 

272 

18.06 

7.33 

—  2.83 

3.71 

3.72 

—  .01 

223 

13.68 

6.23 

—1.15 

4.20 

4.38 

-.18 

273 

18.64 

7.61 

—  2.29 

3.86 

3.72 

+  .14 

224 

13.80 

6.58 

—0.28 

4.48 

4.63 

—  .15 

274 

18.85 

7.37 

—  2.50 

3.81 

3.61 

+  .20 

285 

13.95 

6.43 

-0.67 

4.38 

4.44 

—  .06 

875 

12.20 

7.06 

2.76 

5.56 

6.62 

—  .06 

226 

13.65 

6.43 

-0.89 

4.28 

4.55 

—  .27 

276 

11.85 

7.13 

8.80 

5.98 

5.81 

+  .17 

227 

9.19 

8.72 

-a.  92 

8,97 

8.95 

+  .02 

277 

12.71 

7.43 

8.03 

6.67 

6.75 

—  .0^ 

228 

10.85 

4.72 

—1.83 

4.00 

4.11 

-.14 

278 

12.62 

7.00 

2.44 

6.44 

5.43 

+  .08 

229 

12.06 

5.44 

-1.37 

4.13 

4.29 

r-.16 

279 

16.51 

6.40 

—  3.30 

8.59 

3.52 

+  .07 

230 

13.49 

6.04 

—1.35 

4.12 

4.27 

-.15 

280 

16.05 

6.47 

—  2.70 

8.75 

3.68 

--.07 

231 

13.25 

5.05 

—1.02 

4.24 

4.86 

—  .12 

281 

15.96 

6.44 

—  2.52 

3.80 

8.68 

+  .12 

233 

13.08 

6.01 

—0.81 

4.31 

4.38 

—  .07 

284 

15.44 

6.05 

—  3.41 

8.56 

8.53 

+  .03 

233 

14.83 

6.89 

—0.44 

4.42 

4.69 

—  .27 

286 

14.90 

5.23 

—  5.13 

8.13 
1.94 

8.20 

—  .07 

234 

14.20 

6.81 

-0.98 

4.27 

4.66 

—  .39 

287 

6.19 

—0.70 

—11.29 

2.61 

+  .13 

23S 

14.69 

7.17 

0.03 

4.58 

4.84 

—  .23 

288 

6.58 

—0.60 

—10.98 

2.00 

1.88 

+  .18 

236 

14.91 

7.49 

0.47 

4.73 

5.01 

—  .28 

289 

6.78 

—0.26 

-10.68 

2.05 

191 

+  .14 

237 

13.89 

7.65 

2.97 

5.64 

5.51 

4-  .13 

290 

8.87 

0.93 

—  9.58 

2.22 

2.01 

+  .21 

238 

14.17 

8.35 

8.46 

6.84 

6.05 

—  .21 

291 

10.67 

2.6<1 

—  7.83 

2.85 

2.51 

+  .04 

239 

14.29 

6.97 

0.30 

4.67 

4.78 

—  .11 

292 

11.20 

2.68 

—  7.70 

2.57 

2.51 

+  .16 

240 

14.99 

7.61 

1.10 

4.94 

6.10 

—  .16 

293 

11.92 

8.09 

—  7.41 

2.63 

2.45 

+  .18 

241 

15.14 

7.08 

-0.46 

4.42 

4.05 

—  .13 

294 

12.14 

3.13 

—  7.44 

2.62 

2.41 

+  .21 

342 

14.67 

6.97 

-0.22 

4.60 

4.64 

—  .14 

295 

13.83 

4.22 

—  7.00 

2.72 

2.63 

+  .09 

243 

14.80 

7.13 

—0.07 

4.06 

4.72 

—  .16 

296 

14.33 

4.42 

—  6.73 

2.76 

2.61 

+  .15 

244 

15.00 

7.40 

—0.15 

4.52 

4.89 

-.37 

297 

14.79 

4.74 

—  6.45 

2.83 

2.71 

+  .12 

245 

16.44 

&00 

0.39 

4.70 

4.80 

—  .19 

298 

14.39 

4.84 

—  7.12 

2.09 

2.54 

+  .15 

246 

16.43 

8.17 

0.69 

4.80 

6.05 

—  .25 

2()9 

7.75 

6.90 

6.08 

6.98 

7.11 

—  .13 

247 

17.06 

8.61 

0.80 

4.8t 

5.22 

—  .88 

30a 

8,77 

7.09 

6.91 

6.93 

6.89 

+  .04 

248 

16.67 

8.60 

1.24 

4.99 

5.36 

—  .37 

301 

10.11 

7.73 

5.80 

6.88 

6.97 

—  .09 

249 

16.35 

8.52 

1.63 

0.21 

0.41 

—  .20 

302 

11.09 

7.98 

5.54 

6.75 

6.85 

—  .10 

250 

16i47 

8.75 

2.05 

0.28 

0.08 

—  .30 

303 

9.49 

8.78 

—  2.66 

8.79 

8,89 

—  .  10 

»1 

14.68 

7.59 

1.08 

0.12 

0.18 

—  .00 

304 

10.17 

3.67 

—  8.09 

8.64 

8.55 

+  .09 

252 

15.00 

8.05 

2.28 

0.38 

0.46 

—  .08 

306 

11.00 

4.50 

—  2.87 

3.70 

3.73 

—  .02 

258 

16.10 

8.24 

2.11 

5.31 

5.24 

+  ,m 

306 

12.36 

4.89 

—  2.20 

3.89 

3.73 

+  .16 

254 

15.94 

&26 

2.13 

6.31 

5.32 

—  .01 

807 

13,14 

0.33 

—  3.09 

3.64 

3.80 

—  .16 

255 

16.98 

8.19 

2.11 

0.31 

5.24 

+  .07 

306 

14.25 

0.53 

—  8.22 

3.63 

3.63 

+  .07 

256 

16.31 

8.50 

2.39 

0.42 

5.42 

.00 

309 

16.53 

6.75 

—  2.04 

3.94 

3.74 

+  .30 

257 

17.11 

8.09 

2.17 

0.33 

5.20 

+  .13 

310 

17.94 

7.28 

—  3.14 

3.63 

3.70 

—  .07 

258 

16.72 

9.91 

4.87 

6.45 

6.09 

-•14 

311 

18.17 

7.02 

—  8.70 

3.48 

3.37 

+  .11 

299 

16i09 

9.86 

5.34 

6.66 

6.77 

—  .11 

312 

18.19 

6.60 

—  4.25 

8.84 

2.99 

+  .35 

260 

16.00 

9.61 

5.22 

6.60 

6.52 

+  .08 

313 

15.59 

6.64 

—  6.41 

ao6 

3.14 

—  .08 

261 

16w49 

9.59 

4.58 

6.32 

6.87 

-.05 

314 

16.89 

6.70 

—  7.56 

2.60 

2.71 

—  .11 

202 

17.09 

9.03 

8.16 

5.72 

5.  St 

+  .14 

315 

17.60 

6.19 

—  5.72 

8.99 

290 

+  .09 

363 

10.41 

4.48 

—1.04 

4.23 

4.10 

+  .13 

316 

18.10 

6.87 

—  5.32 

ao8 

3.28 

—  .20 

264 

10.68 

4.37 

—1.65 

4.0S 

8.92 

+  .13 

317 

17.86 

6.80 

—  5.08 

8.14 

3.31 

-0.17 

15  sio 
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No. 

a 

t 

p. 

No. 

a 

J». 

T 

n 

T 

ti 

d 

C 

^-C 

d 

C 

*-C 

O 

o 

o 

iiiin. 

mm. 

nun. 

O 

o 

o 

fUflt. 

mm. 

mm. 

518 

19.28 

7.49 

-4.00 

8.41 

8.88 

+0.0S 

848 

18.01 

10.62 

8.92 

&60 

If.  55 

—a  05 

819 

18.83 

7.10 

— i.44 

8.80 

3.21 

+  .00 

849 

14.17 

11.30 

9.44 

8.81 

8.8L 

.00 

820 

19.17 

7.08 

—6.66 

8.08 

8.05 

—  .02 

890 

14.86 

11.60 

9.25 

8.69 

8.86 

—  .17 

321 

1&63 

7.04 

—5.89 

2.95 

8.22 

—  .27 

851 

14.80 

10.85 

8.54 

8.29 

8.41 

—  .12 

823 

15.02 

6.06 

-6.22 

2.88 

2.88 

.00 

852 

14.61 

10.65 

8.17 

8.08 

8.10 

—  .02 

323 

15.74 

5.48 

—5.84 

2.97 

2.97 

.00 

853 

15.18 

10.69 

7.78 

7.87 

7. 93 

—  .OC 

824 

16.79 

5.98 

—5.60 

8.04 

8.00 

+  .04 

854 

15.29 

10.61 

7.66 

7.81 

7.83 

—  .01 

325 

17.44 

6.60 

—6.89 

8.06 

8.21 

—  .15 

8S5 

9.29 

6.28 

1.67 

6.U 

6.13 

—  .02 

326 

17.96 

6.88 

-4.71 

8.23 

8.29 

—  .06 

856 

15.91 

11.72 

9.18 

8.66 

8.70 

—  .04 

827 

18.60 

6.74 

—6.16 

2.80 

8.01 

—  .12 

857 

16.07 

12.15 

9.78 

9.00 

9.11 

—  .11 

328 

18.84 

6.52 

-«.77 

2.97 

2.89 

+  .09 

858 

15.84 

11.96 

iao7 

9.18 

9.16 

+  .02 

329 

16.41 

6.53 

—6.22 

2.88 

2.87 

+  .01 

859 

16.14 

11.53 

8.47 

8.24 

8.48 

—  .19 

330 

14.67 

&62 

8.94 

6.04 

6.11 

—  .07 

860 

17.46 

11.06 

6.70 

7.81 

7.48 

—  .17 

831 

15.44 

8.60 

8.54 

5.88 

5.83 

+  .05 

361 

17.83 

11. 02 

7.63 

7.79 

7.90 

—  .11 

332 

17.85 

7.48 

—1.17 

4.19 

4.0U 

+  ,10 

363 

17.66 

10.41 

6.58 

6.77 

6.77 

.00 

333 

18.11 

7.16 

-3.24 

8.60 

8.52 

+  :o8 

863 

17.91 

10.14 

4.81 

6.43 

6. 89 

+  .04 

834 

18.17 

6.91 

-3.56 

8.62 

8.27 

-h.25 

864 

17.84 

9.02 

4.87 

6.22 

6.19 

+  .03 

335 

14.41 

6.69 

—0.26 

4.48 

4.49 

—  .01 

865 

10.62 

4.87 

-0.53 

4.40 

4.97 

+  .03 

336 

15.42 

6.82 

—1.25 

4.17 

4.21 

—  .04 

366 

10.62 

4.91 

—0.29 

4,47 

4.40  +  .07 

837 

15.61 

7.05 

—1.16 

4.20 

4.84 

—  .14 

867 

18.10 

10.99 

6.09 

7.02 

7.16:— .14 

838 

15.64 

7.06 

—1.10 

4.22 

4.83 

—  .11 

368 

18.79 

9.65 

2.41 

6.46 

4.67  —  ,11 

839 

16.08 

7.43 

-0.28 

4.48 

4.62 

-.04 

369 

18.81 

10.60 

4.67 

6.35 

6.05   -.30 

840 

16.87 

7.26 

-0.81 

4.81 

4.25 

+  .06 

370 

13.28 

7.06 

1.72 

5.17 

6.21 

—  .04 

841 

16.65 

6.61 

-«.63 

8.52 

8.55 

—  .08 

S7I 

13.78 

7.33 

2.13 

5.80 

5.28 

+  .02 

812 

17.17 

7.00 

—2.72 

8.74 

3.74 

.00 

872 

14.44 

7.61 

1.78 

5.19 

5.27 

—  .(.^ 

843 

16.61 

6.10 

-4.04 

8.40 

8.17 

+  .23  1 

873 

14.91 

7.74 

1.94 

5.25 

5.23 

+  .(rj 

814 

16.76 

6.58 

—8.28 

8.59 

8.53 

+  .06! 

874 

15.50 

8.35 

2.69 

5.53 

5.56 

—  .O^i 

845 

13.72 

10.22 

&09 

8.04 

7.99 

+  .05, 

375 

15.62 

ri.&i 

8.21 

5.74 

6.81 

—  .07 

&16 

13.17 

10.60 

8.78 

8.42 

8.48 

—  .06  1 

876 

15.65 

8.72 

3.01 

5.G6 

6.77 

—  .11 

347 

12.85 

10.46 

8.94 

&51 

8.74 

-0.23 

877 

16.69 

8.99 

3.08 

6.69 

6.76  —0.07 

1             1 

PIKE'S  PEAK. 


878 

879 

380 

381 

382 

883 

384 

385 

386 

387 

388 

389 

390 

391 

392 

393 

894 

395 

896 

897 

808 

899 

400 

401 

402 

403 

404 

405 

406 

407 

408 

400 

410 

411 

412 

418 

414 

415 

416 

417 

418 

419 


a  78 

4.70 

6.71 

7.97 

6.21 

6.40 

6.14 

7.09 

6.45 

6.76 

6.85 

6.85 

6.65 

6.50 

27.83 

24.44 

23.47 

23.03 

22.63 

28.08 

28.57 

81.26 

80.78 

26.94 

6.12 

7.22 

7.44 

&22 

&85 

9.22 

9.01 

9.44 

8.48 

7.89 

8.83 

&10 

8.42 

6.89 

7.11 

8.72 

6.85 

6.22 


2.88 

1.68 

1.72 

2.67 

8.00 

8.27 

3.44 

8.83 

8.71 

4^9 

8?80 

8.73 

3.60 

8.68 

12.94 

11.87 

11.63 

11.60 

11.89 

13.06 

13.20 

14.60 

14.83 

13.00 

1.49 

2.72 

8.02 

8.41 

4.69 

4.99 

6.10 

5.18 

4.71 

4.24 

4.89 

4.40 

4.22 

2.69 

2.22 

3.38 

2.60 

2.29 


—8.90 

—1.34 

—3.06 

—2.03 

0.11 

0.54 

1.09 

1.28 

1.71 

2.03 

1.58 

1.51 

1.15 

1.85 

6.20 

4.41 

4.81 

5.08 

4.95 

6.07 

4.78 

6.23 

7.23 

6.64 

—2.60 

—1.44 

—1.00 

^-0.« 

1.25 

1.78 

2.24 

2.10 

1.93 

1.85 

0.91 

1.61 

0.98 

—1.28 

-2.27 

—1.25 

—1.65 

—1.09 


8.43 
4.17 
8.65 
8.94 
4.60 
4.75 
4.94 
5. 01 
5.16 
5.28 
5.12 
6.09 
4.96 
5.08 
6.60 
6.24 
6.42 
6.62 
6.48 
6.64 
6.41 
7.08 
7.68 
6.80 
3.78 
4.11 
4.25 
4.86 
5.00 
5.17 
6.86 
6.81 
6.24 
6.03 
4.88 
5.18 
4.88 
4.16 
3.87 
4.17 
4.08 
4.23 


8.47 
4.23 
3.64 
8.90 
4.68 
4.80 
5.02 
5.00 
6.11 
5.37 
6.05 
4.99 
4.97 
5.00 
6.65 
6.48 
6.54 
6.68 
6.57 
6.54 
6.53 
7.20 
7.69 
6.84 
8.67 
4.18 
4.82 
4.86 
5.02 
6.21 
6.86 
6.25 
5.22 
6.02 
4.88 
5.11 
4.88 
4.19 
8.92 
4.18 
4.15 
4.19 


—0.04 

—  .06 

;+  .01 

+  .04 

!—  .08 

;-.o5 

'—.08 

'+  .01 

+  .05 

—  .09 
+  .07 
+  .10 
-.01 
+  .08 

—  .05 

—  .24 

—  .12 

—  .11 

—  .09 
.00 

I— .13 

-.18 

I— .01 

—  .04 

+  .11 

—  .07 
I— .07 

.00 

t:35 

.00 
+  .06 
+  .03 
+  .01 

.00 
+  .02 

.00 

—  .03 

—  .05 

—  .01 

—  .07 
+0.03 


420 

6.78 

2.09 

421 

5.04 

1.70 

422 

7.06 

1.83 

423 

8.70 

8.61 

1  424 

9.73 

4.49 

;  425 

8.19 

4.24 

426 

9.13 

4.55 

i  427 

9.04 

4.44 

428 

8.87 

4,47 

429 

8.56 

4.39 

430 

7.74 

4.U 

431 

7.86 

3.78 

432 

8.21 

—1.37 

483 

8.41 

—0.98 

434 

4.05 

—0.03 

435 

6.81 

0.37 

436 

9.28 

2.29 

437 

10.18 

2.77 

438 

9.63 

2.62 

489 

9.44 

1.76 

440 

10.62 

8.17 

441 

10.81 

2.83 

442 

10.95 

2.56 

443 

12.62 

4.24 

444 

13.47 

5.18 

445 

12.99 

4.42 

446 

11.61 

3.89 

447 

7.84 

0.82 

448 

7.87 

1.80 

449 

10.89 

2.94 

450 

9.18 

2.08 

451 

13.08 

3.44 

492 

12.50 

8»94 

453 

18.26 

4.24 

454 

12.70 

4.07 

455 

12.13 

4.07 

456 

11.89 

3.68 

457 

9.58 

8.89 

4.'» 

10.02 

6.23 

459 

8.49 

5.08 

460 

7.91 

.^28 

1  401 

8.80 

5.27 

—1.09 

—1.66 

-3.23 

-0.64 

0.65 

0.93 

1.01 

0.83 

1.61 

1.44 

1.28 

1.21 

—7.28 

—5.98 

—6.91 

—7.20 

—4.59 

-4.83 

—4.34 

—6.10 

—3.94 

—4.83 

—6.92 

—8.39 

— 1.C7 

—2.49 

—4.08 

—6.37 

—5.80 

—8.93 

—4.95 

—3.94 

—8.75 

—8.69 

— S.5S 

—2.97 

—8.15 

—0.72 

1.82 

2.41 

8.20 

2.72 


4.22 
4.07 
8.61 
4.86 
4.78 
4.88 
4.91 
4.85 
5.13 
5.07 
6.01 
4.98 
2.66 
2.94 
2.73 
2.67 
8.26 
3.31 
8.31 
2.91 
3.42 
3.20 
2.96 
3.56 
4.05 
3.81 
3.38 
2.85 
2.97 
3.42 
3.17 
3.42 
3.4T 
3  48 
8.51 
3.57 
8.63 
4.34 
5.20 
5.42 
5.74 
5.54 


4.18 
4.13 
8.61 
4.82 
4.67 
4.97 
4.90 
4.86 
5.07 
4.97 
5.00 
4.89 
2.75 
2.91 
2.94 
2.73 
8.84 
8.80 
8.86 
2.83 
8.46 
8.13 
2.91 
3.60 
4.06 
8.75 

aao 

2.85 
3.02 
a86 
3.11 
3.20 
3.43 
3.41 
3.56 
3.63 
3.54 
4.2H 
6.15 
5.46 
5.84 
6.58 


+ac4 

h-.06 
.00 
+  .04 
+  .11 
h-  .09 
+  .01 

h-.oi 

+  .06 
+  .10 
+  .01 
+  .09 

—  .09 
+  .03 

I— .21 

—  .06 
+  .02 
+  .01 

—  .05 
+  .08 

I— .04 

+  .07 

+  .04 

I— .04 

.00 

+  .06 

+  .08 

.00 

—  .05 
+  .06 
+  .06 
+  .22 
t+  ,04 
+  .07 

—  .06 
'+  .04 

+  .09 

+  .06 

1+  .05 

•r-  .04 

—  .10 
— O.Oi 


Note.— The  experiments  392-101,  inclusive,  were  made  in  t%  room  artfflciaUv  heated. 
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PIKKS  PEAK— Contliined. 


Itf^ 

T 

n 

6 

P- 

No. 

•     T 

TI 

8 

p. 

Ho, 

6 

C 

d-C 

« 

C 

d— C 

O 

o 

o 

flMlt. 

yMfit. 

mtn. 

o 

o 

o 

fniTi. 

mvn. 

min. 

462 

9.87 

5.76 

2.92 

5.62 

5.69 

+0.03 

541 

1L64 

5.60 

0.86 

4.86 

4.03 

-0.07 

468 

11.22 

6.80 
6.13 

2.78 

5.67 

6.68 

—  . 

06 

542 

10.28 

4.28 

-1.13 

4.20 

4.36 

-  .16 

464 

10.06 

3.58 

5.89 

5.88 

+  . 

06 

548 

10.48 

4.83 

-0.70 

4.84 

4.36 

-  .02 

465 

9.78 

6w75 

3.20 

5.74 

6.63 

+  . 

11 

544 

12.08 

5.52 

0.20 

4.66 

4.76 

-  .10 

466 

9.47 

6.91 

8.66 

5.89 

6.84 

+  . 

05 

545 

11.44 

5.18 

0.17 

4.62 

4.68 

-  .06 

467 

11.90 

6.06 

1.92 

5.24 

5.21 

+  . 

08 

546 

12.24 

5.61 

0.66 

4.76 

4.77 

-  .01 

468 

12.46 

6.89 

2.13 

5.83 

5.81 

+  . 

01 

647 

12.02 

6.12 

-.22 

4.08 

4.06 

-f  .02 

469 

10.40 

5.13 

1.81 

5.08 

4.96 

+  . 

06 

548 

26.77 

18.07 

18.78 

11.71 

11.86 

—  .15 

470 

9.65 

4.78 

1.06 

4.93 

4.98 

00 

549 

25.28 

15.40 

10.07 

0.18 

8.07 

+  .21 

471 

10.03 

6.25 

1.66 

5.11 

6.16 

"^  • 

05 

550 

24.42 

15.42 

10.28 

0.31 

0.34 

—  .03 

472 

9.67 

6.75 

1.04 

4.92 

4.92 

00 

651 

22.80 

14.85 

0.48 

8.82 

8.03 

—  .11 

478 

9.85 

6.83 

2.16 

6.32 

5.28 

■f! 

04 

553 

21.50 

15.20 

11.47 

10.07 

10.20 

-.22 

474 

9.39 

6.04 

2.11 

5.81 

5.20 

4-  . 

11 

553 

28.86 

15.40 

11.14 

0.86 

0.75 

+  .10 

475 

3.96 

1.99 

0.20 

4.63 

4.67 

04 

554 

24.00 

15.68 

11.16 

0.87 

0.82 

-H  .05 

476 

8.92 

1,97 

0.18 

4.62 

4.66 

_ 

04 

555 

25.53 

15.04 

10.86 

0.68 

0.56 

+  .13 

477 

6.17 

1.26 

-8.89 

8.66 

8.49 

.1.  ■ 

07 

556 

26.03 

16.00 

10.54 

0.48 

0.54 

—  .06 

478 

6.26 

1.94 

-1.96 

3.96 

8.94 

-  •  , 

02 

657 

24.10 

16.17 

10.02 

0.15 

0.14 

.01 

479 

6.75 

2.08 

-2.14 

8.91 

3.88 

-  .  , 

(13 

558 

24.44 

15.04 

0.72 

8.07 

8.87 

+  .10 

480 

7.40 

2.76 

-1.12 

4.21 

4.14 

.  . 

07 

659 

25.17 

15.41 

0.83 

0.04 

0.04 

.00 

481 

8.00 

2.63 

-2.06 

3.98 

8.86 

07 

560 

25.00 

15.40 

0.82 

0.03 

0.05  —  .02 

482 

8.15 

2.61 

-1.97 

3.96 

3.82 

~  -  , 

14 

561 

25.42 

15.65 

10.17 

0.24 

0.15  ;+  ,00 

483 

8.86 

3.08 

-1.92 

8.97 

3.89 

~  -  , 

08 

662 

24.78 

15.65 

10.66 

0.48 

0.41   -f-  .07 

484 

10.89 

5.06 

0.86 

4.86 

4.75 

_  _  , 

10 

663 

28.22 

16.06 

0.04 

8.57 

8.63  —  .06 

485 

12.07 

7.18 

8.82 

5.99 

6.02 

^ 

.03 

564 

2&31 

16.28 

0.46 

8.82 

8.85  —  .02 

486 

12.00 

7.18 

4.00 

6.07 

6.09 

_ 

.02 

565 

28.10 

16.00 

8.08 

8.51 

8.64   —  .14 

487 

10.83 

3.45 

-3.18 

8.61 

8.68 

-hi 

.08 

666 

28.15 

15.95 

8.04 

8.52 

8.89  -h  .08 

488 

11.81 

4.01 

-2.48 

3.81 

8.83 

.02 

567 

27.05 

15.78 

8.70 

8.88 

8.85 

4-  .08 

489 

11.21 

4.20 

-1.61 

4.06 

4.01 

+ 

.06 

5G8 

27.70 

15.51 

8.46 

8.24 

8.11 

+  .13 

490 

11.08 

3.41 

-8.63 

8.52 

8.48 

.04 

509 

27.12 

15.74 

0.41 

8.79 

8.65  1+  .14 

491 

11.61 

4.66 

-1.85 

8.99 

4.16 

^_ 

.17 

570 

27.06 

16.10 

10.11 

0.21 

0.11   4-  .10 

492 

12.24 

6.04 

-0.41 

4.43 

4.83 

*4~ 

.10 

671 

25.88 

18.04 

10.10 

13.60 

13.46   +  .14 

493 

10.17 

6.M 

3.14 

5.71 

5.60 

_  _ 

.06 

572 

26.11 

18.80 

15.60 

13.00 

18.29   —  .20 

494 

11.75 

6.24 

2.66 

6.48 

6.40 

.06 

573 

26.80 

10.62 

10.45 

13.00 

14.05  —  .15 

405 

11.48 

7.06 

4.19 

0.15 

6.14 

T 

.01 

674 

26.44 

10.50 

10.56 

13.09 

14.01  1  -  .02 

496 

11.83 

7.08 

4.49 

6.28 

A  20 

.08 

575 

26.18 

10.70 

16.80 

14.30 

14.42  —.12 

497 

11.54 

3.29 

-4.63 

3.25 

8.24 

_  _ 

.01 

576 

25.80 

10.43 

16.00 

14.80 

14.14  i-f  .16 

498 

10.44 

2.47 

-5.61 

3.02 

3.00 

j_ 

.02 

677 

25.61 

19.67 

16.06 

14.86 

14.45  !— .00 

499 

11.83 

3.02 

-5.34 

3.08 

8.12 

_ 

.04 

578 

25.41 

10.50 

17.14 

14.52 

14.84  1—  .82 

500 

11.61 

3.68 

-3.66 

8.62 

8.51 

.01 

570 

25.80 

18.88 

15.44 

13.03 

12.80  i+  .14 

601 

13.89 

5.83 

-2.20 

8.89 

3.81 

.08 

580 

28.80 

18.24 

13.84 

11.38 

11.47  1—  .09 

602 

14.70 

5.78 

-1.12 

4.21 

4.14 

.07 

581 

28.62 

17.00 

12.06 

11.11 

10.87 

+  .24 

503 

14.75 

7.06 

1.78 

6.19 

6.14 

.05 

582 

28.56 

17.78 

12.74 

10.05 

10.78 

+  .22 

604 

12.67 

6.01 

1.16 

4.96 

4.97 

_ 

.01 

588 

27.83 

17.47 

12.13 

10.52 

10.61 

—  .00 

505 

11.61 

5.47 

0.94 

4.89 

4.86 

+ 

.04 

584 

27.45 

17.23 

12.22 

10.58 

10.46 

+  .12 

506 

11.44 

5.84 

0.85 

4.86 

4.81 

-f 

.06 

685 

27.44 

17.31 

12.12 

10.52 

10.86  —  .04 

507 

16.78 

7.61 

0.66 

4.76 

4.97 

.21 

586 

27.08 

17.54 

12.  (% 

13.  or 

10.01 

11.01 

—  .10 

606 

16. 2S 

6.83 

-0.93 

4.27 

4.50 

.. 

.28 

587 

28.75 

18.83 

11.87 

12.11 

—  .24 

509 

16.83 

6.64 

-1.09 

4.21 

4. 31 

^ 

.10 

588 

20.81 

10.04 

14.40 

12.10 

12.17 

+  .02 

610 

16.  M 

6.53 

-0.92 

4.27 

4.85 

^ 

.(« 

580 

28.81 

18.33 

13.42 

11.45 

11.88 

+  .07 

511 

10.11 

3.90 

-1.67 

4.07 

4.10 

_ 

.03 

500 

20.32 

18.80 

14.20 

12.04 

11.07 

4-  .07 

512 

9.21 

3.50 

-1.60 

4.10 

4.12 

_ 

.02 

591 

80.88 

18.04 

18.41 

11.44 

11.01 

-  .17 

518 

8.86 

3.19 

-1.72 

4.08 

4.00 

+ 

.03 

592 

26.72 

17.30 

12.75 

10.06 

10.05 

+  .01 

514 

8.88 

3.69 

-0.72 

4.84 

4.84 

.00 

603 

26.08 

16.81 

12.27 

10.61 

10.44 

+  .17 

515 

8.45 

8.11 

-1.66 

4.05 

4.07 

_ 

.02 

tm 

25.37 

16.80 

11.82 

0.08 

10.10 

-  .21 

516 

8.47 

8.14 

-1.44 

4.11 

4.08 

+ 

.03 

505 

26.08 

18.65 

14.67 

12.41 

12.68 

-.17 

517 

&31 

8.11 

-1.84 

4.14 

4.11 

+ 

.08 

596 

25.83 

18.26 

14.66 

12.40 

12.51 

-.11 

518 

6.78 

0.66 

-6.19 

2.89 

2.94 

.06 

507 

24.02 

18.56 

15.46 

13.06 

13.80 

—  .25 

519 

9.09 

1.91 

-6.63 

3.01 

8.05 

_ 

.08 

506 

24.87 

18.06 

16.80 

13.77 

18.05 

-  .17 

520 

8.62 

1.40 

-6.80 

2.86 

2.84 

.02 

500 

25.83 

18.02 

15.75 

13.20 

13.44 

-  .15 

521 

9.20 

2.22 

-4.42 

3.80 

3.21 

.00 

000 

24.75 

10.63 

17.14 

14.52 

14.80 

-.37 

522 

ia58 

4.61 

-0.44 

4.43 

4.61 

m— 

.08 

601 

24.00 

10.02 

17.65 

15.00 

15.25 

-.25 

528 

10.22 

4.72 

0.80 

4.07 

4.70 

^^ 

.03 

602 

24.  T7 

20.00 

17.87 

15.20 

15.84 

—  .14 

624 

ia8i 

4.97 

0.44 

4.72 

4.70 

+ 

.02 

003 

17.26 

14.60 

13.22 

11.80 

11.26 

+  .04 

525 

11.80 

5.69 

1.60 

5.09 

5.11 

.02 

604 

18.68 

15.28 

13.23 

11.31 

11.40 

—  .18 

626 

7.91 

4.67 

2.22 

5.86 

5.86 

_ 

.01 

605 

10.06 

15.37 

13.13 

11.23 

11.48 

—  .25 

627 

7.18 

4.20 

1.83 

5.21 

5.28 

.. 

.02 

606 

27.70 

10.06 

16.68 

14.10 

14.10 

.00 

528 

10.71 

4.57 

-0.22 

4.60 

4.44 

1. 

.06 

607 

28.70 

20.18 

16.44 

18.80 

14.00 

—  .20 

539 

9.88 

4.04 

-0.52 

4.40 

4.29 

-    -      , 

.11 

608 

28.28 

18.20 

18.56 

11.55 

11.42 

+  .13 

630 

ia84 

4.68 

-0.24 

4.49 

4.48 

-f.      , 

.01 

600 

27.47 

18.31 

14.07 

11.04 

11.00 

4-  .04 

581 

10.88 

6.69 

1.78 

5.19 

5.25 

.• 

.06 

610 

27.24 

18.36 

14.20 

12.11 

12.06 

+  .06 

632 

ia62 

5.90 

2.54 

5.48 

5.48 

.00 

611 

26.84 

18.41 

14.80 

12.12 

12.80 

—  .18 

888 

9.60 

5.89 

2.14 

6.82 

5.86 

^       , 

.04 

612 

24.45 

18.37 

15.58 

13.15 

18.22 

-  .07 

634 

9.40 

8.92 

-0.59 

4.37 

4.86 

JL.  , 

01 

613 

28.04 

18.28 

15.71 

18.26 

13.80 

—  .04 

585 

9.02 

&80 

-0.52 

4.40 

4.89 

.  -  , 

01 

614 

23.28 

18.17 

15.76 

13.80 

18.48 

—  .13 

636 

8. 26 

a50 

0.08 

4.67 

4.48 

-  -  , 

09 

615 

30.10 

10.88 

14.22 

12.05 

12.85 

—  .80 

587 

9.74 

4.58 

0.70 

4.80 

4.71 

-  -  , 

00 

616 

80.70 

10.08 

13.25 

11.81 

11.66 

—  .35 

638 

10.88 

5.00 

-0.02 

4.56 

4.72 

—  , 

16 

617 

80.88 

18.70 

12.44 

10.74 

11.17 

—  .43 

530 

U.60 

6.40 

0.48 

4.71 

4.83   -  . 

12 

618 

30.80 

17.87 

11.17 

0.87 

0.03 

—  .06 

640 

11.42 

5.85 

o.ao 

4.  TO 

4.82 

-0 

12 

610 

80.82 

17.61 

10.67 

0.55 

0.67 

-0.02 

242 
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No. 


620 
621 
622 
623 
624 
625 
628 
627 
628 
629 
630 


8La6 
80.09 
29.65 
29.45 
29.62 
28.06 
27.80 
24.94 
2S.44 
22.65 
22.73 


17.15 
16.78 
17.72 
17.88 
16.58 
17.20 
17.40 
17.20 
16.65 
16.98 
17.88 


«; 


9.43 
9.83 

11.61 
11.05 
9.58 
15.54 
12.68 
13.92 
18.54 
18.95 
14.60 


&80 

8.73 

10.17 

9.80 

8.89 

10.12 

10.87 

11.06 

11.54 

11.84 

12.27 


nivn. 

8.76 

8.44 

10.19 

9.8L 

8.62 

10.15 

10.73 

11.44 

11.78 

12.21 

12.46 


&-/J 


flMli. 

+0.04 
+  .29 

—  .02 

—  .01 
+  .27 
-.08 
+  .14 

—  .86 

—  .19 

—  .87 
-0.19 


No. 

1 

T 

n 

( 

O 

o 

631 

22.97 

17.13 

632 

22.61 

16.84 

633 

22.24 

16.42 

684 

22.02 

16.24 

635 

15.58 

13.28 

636 

16.06 

13.44 

637 

26.10 

19.65 

638 

25.51 

18.41 

639 

24.48 

17.17 

640 

1 

25.17 

17.70 

14.89 
13.36 
13.25 
13.22 
11.67 
1L81 
17.00 
16.42 
18.73 
14.30 


12.19 
11.41 
11.83 
11.30 
10.20 
10.30 
14.40 
13.02 
11.68 
12.12 


mm, 
12.14 
11.27 
11.51 
11.87 
10.41 
10.41 
14.88 
13.85 
11.59 
12.01 


^-C 


I  mm. 
—0.05 

l+.U 
■—.19 

i-.o: 

P-.21 

—  .11 
+  .02 
+  .17 

+  .09 
+0.11 


WASHINQTON  (SIMULTANBOXTS  EXPERIMENTS). 


641 

24.33 

80.16 

18.18 

15.46 

15.52 

-0.06 

1 

24.04 

30.13 

18.12 

16.45 

15.52  1—0.07 

643 

84.41 

80.17 

17.78 

15.13 

15.41 

-.29 

2 

24.45 

20.36 

l&ll 

15.44 

15.68  1— .31 

643 

34.74 

80.84 

17.95 

15.38 

15.51 

-.28 

3 

24.69 

30.46 

18.21 

15.53 

15.  ;2  —  .19 

644 

34.07 

80.88 

17.96 

15.29 

15.53 

-.24 

4 

24.58 

20.36 

18.13 

15.46 

15.61  —  .13 

615 

34.96 

20.87 

18.03 

15.85 

15.44 

—  .09 

5 

24.85 

80.43 

11.86 

15.60 

15.60         .CO 

646 

84.68 

30.45 

18.33 

15.55 

15.72 

—  .17 

6 

24.55 

20.42 

11.37 

15.90 

15.73    -^-  .17 

647 

19.96 

15.38 

11.70 

10.28 

10.55 

-.32 

7 

19.96 

15.14 

9.99 

10.34 

10.37  —  .(« 

648 

30.38 

15.14 

11.28 

9.94 

10.18 

—  .24 

8 

30.24 

15.06 

10.28 

10.01 

10.13  —  .12 

649 

19.91 

14.43 

10.26 

9.80 

9.44 

—  .14 

9 

19.53 

13.96 

11.03 

9.13 

9.06    +  .(C 

690 

19.89 

14.43 

10.21 

9.27 

9.47 

—  .20 

10 

19.74 

14.29 

11.26 

9.31 

9.36  —  .f« 

661 

30.70 

15.10 

11.07 

9.81 

9.94 

—  .13 

!    11 

20.53 

14.95 

11.97 

9.78 

9.83  —  .04 

652 

20.98 

15.41 

11.31 

9.97 

10.23 

—  .36 

12 

20.61 

1*5.22 

11.99 

9.94 

10.03   —  .IK) 

653 

20.96 

15.58 

11.71 

10.24 

10.43 

—  .19 

1    13 

20.86 

19.40 

12.06 

10.41 

10.25    -+-  .h\ 

654 

21.02 

15.62 

11.83 

10.32 

10.47 

—  .15 

i    14 

20.91 

15.50 

12.36 

10.40 

10.37    -r  .03 

656 

21.00 

15.72 

12.00 

10.43 

10.60 

—  .17 

1    » 

20.89 

15.56 

18.28 

ia47 

10.45    ^  .12 

656 

20.96 

16.06 

12.37 

10.69 

11.08 

—  .39 

'    16 

20.80 

15.70 

1&58 

10.67 

10.63    -  .fH 

657 

20.89 

16.91 

14.11 

11.97 

12.29 

—  .32 

1    17 

20.73 

16.68 

14.56 

12.33 

12.  r«  +  .2: 

658 

21.17 

17.22 

14.51 

12.28 

12.60 

—  .32 

18 

21.  li 

17.15 

14.83 

12.53 

12.51   +  .f2 

669 

21.82 

17.28 

14.67 

12.83 

12.61 

—  .28 

19 

21.47 

17.21 

14.73 

12.45 

13.59  —    14 

660 

31.60 

17.77 

15.17 

12.80 

13.21 

—  .41 

20 

21.43 

17.60 

15.30 

12.  W 

13.  CI  —  .itf 

661 

21.54 

17.79 

15.28 

12.90 

13.23 

—  .33 

'    21 

21.50 

17.63 

15.26 

12.68 

13.02  —  .14 

662 

26.61 

22.29 

30.33 

17.72 

17.80 

—  .08 

22 

26.61 

22.33 

30.44 

17.84 

17.86  —  .le 

663 

27.27 

22.22 

19.67 

17.01 

17.85 

—  .34 

23 

27.85 

22.19 

19.74 

17.09 

17.26  —  .17 

664 

28.13 

83.21 

19.86 

16.69 

16.90 

—  .21 

24 

28.04 

22.12 

19.85 

16.68 

16.79  ;—  .11 

665 

28.28 

81.85 

^18.86 

16.15 

16.20 

—  .06 

25 

28.38 

21.  a 

18.75 

16.07 

16.09  —  .C2 

666 

29.35 

30.99^ 

■16.48 

13.98 

14.23 

—  .30 

26 

29.80 

20.80 

16.78 

14.20 

13.94   +  .16 

667 

39.87 

30.22 

14.90 

12.59 

12.71 

—  .12 

27 

29.85 

20.15 

15.25 

12.88 

12.61 

+  .27 

663 

30.06 

19.92 

14.08 

11.94 

It.  12 

-.18! 

28 

29.  M 

19.94 

14.30 

12.12 

13.27 

—  .15 

669 

80.06 

19.80 

18.75 

11.69 

11.94 

—  .25 

29 

29.94 

19.69 

13.94 

11.84 

11.83 

+  .01 

670 

80.17 

19.58 

18.51 

11.51 

11.54 

—  .03 

80 

80.09 

19.53 

13.55 

11.54 

11.48 

4-  .06 

671 

80.03 

19.54 

18.47 

11.48 

11.65 

—  .07 

81 

29.94 

19.48 

13.89 

11.43 

11.50 

—  At: 

672 

•  #  •  •  •  ••  •  •  ■  ■ 

82 
83 
84 
35 

22.91 
22.78 
22.63 
22.89 

16.85 
16.70 
10.39 
16.70 

13.15 
13.05 
12.55 
12.48 

11.25 
11.17 
10.82 
10.76 

11.19 
11.00 
10.70 
10.99 

+  .06 

673 

""*""  J  """;"'" 

+  .17 

674 

'22.89 

*Y6.to" 

1 

+  .12 

675 

"li'iio' 

10.78" 

10.99 

11  -jli" 

-.23 

676 

22.77 

16.67 

1^.58 

10.88 

11.02 

—  .19 

86 

22.80 

16.70 

12.70 

10.92 

11.04 

—  .12 

677 

23.91 

16.67 

12.66 

10.81 

10.95 

—  .14 

37 

22.88 

16.70 

12.70 

10.92 

10.99 

—  .07 

078 

23.08 

18.64 

16.11 

13.61 

13.72 

—  .11 

38 

23.19 

18.64 

16.06 

13.56 

13.66 

—  .10 

679 

24.86 

1&87 

15.94 

13.47 

13.42 

+  .06 

89 

24.20 

18.84 

15.88 

13.41 

13.46 

U-  .05 

680 

34.13 

1&80 

15.86 

13.40 

13.43 

—  .08 

40 

23.94 

18.61 

15.60 

13.09 

18.21  —  .15 

681 

34.20 

18.86 

16.08 

13.53 

13.49 

-.04 

41 

23.93 

18.79 

15.70 

13.25 

13.46  I—  .21 

682 

38.91 

18.78 

16.00 

13.61 

13.51 

.00 

42 

24.00 

18.76 

15.67 

13.28 

13.44  ,-  .21 

683 

38.86 

18.82 

16.06 

13.57 

13.60 

-.08  ! 

43 

23.88 

18.80 

15.78 

13.33 

13.56 

r-.2l 

684 

34.32 

18.89 

15.94 

18.46 

13.60 

-  .04  ' 

44 

24.10 

18.86 

15.85 

13.38 

18.54 

-.16 

685 

80.50 

17.16 

15.81 

12.93 

12.84 

+  .09  1 

45 

20.60 

17.08 

15.83 

13.54 

12.73 

—  .19 

686 

31.67 

17.66 

15.61 

13.18 

12.99 

+  .10 

46 

21.61 

17.66 

15.15 

12.80 

13.01 

—  .21 

687 

32.23 

17.89 

15.66 

13.13 

18.04 

+  .09 

47 

22.44 

17.92 

15.89 

13.00 

12.97 

+  .03 

688 

38.85 

lass 

15.46 

13.06 

13.13 

—  .06 

48 

23.88 

18.46 

15.41 

13.01 

13.05 

—  .04 

669 

38^84 

17.56 

13.91 

11.82 

11.95 

-.13' 

49 

23.43 

17.47 

14.00 

11.88 

11.83 

+  .06 

690 

88.60 

17.34 

18.81 

11.36 

11.46 

-.10 

50 

33.58 

17.34 

13.67 

11.66 

11.43 

+  .13 

601 

38.07 

17.06 

13.69 

10.84 

11.11 

—  .37 

51 

28.76 

17.08 

13.30 

11.88 

11.01 

+  .27 

093 

88.71 

16.89 

1X50 

10.78 

10.84 

—  .06 

62 

88.76 

16.94 

13.56 

10.88 

ia90 

—  .07 

693 

37.70 

18.47 

13.76 

10.96 

11.11 

—  .15 

63 

38.38 

18.80 

18.08 

11.15 

11.31 

—  .16 

694 

37.81 

18.62 

13.98 

11.12 

11.28 

—  .16 

54 

28.41 

18.78 

12.94 

11.09 

11.82 

—  .13 

on 

19.00 

13.60 

7.59 

7.77 

7.86 

-  .09 

55 

19.79 

laoi 

7.28 

7.61 

7.71 

—  ,10 

696 

22.68 

14.68 

9.06 

a58 

8.57 

+  .01 

66 

82.83 

14.88 

8,80 

8.48 

&49 

—  .06 

•97 

88.00 

IS.  01 

9.19 

8.66 

8.63 

+  .08 

67 

82.97 

14.93 

8.89 

.  8.49 

8.55 

—  .06 

098 

88.16 

16.08 

9.89 

8.78 

8.65 

+0.13 

58 

33.31 

15.05 

9.13 

aoB 

&58 

• 

1^.04 
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MASSACHUSETTS  AND  WASHINGTON  (HAZEN). 


P- 

p. 

No. 

T 

Tl 

a 

No. 

T 

TI 

a 

d 

C 

d-C 

« 

0 

d-C 

O 

O 

o 

mm. 

ffun. 

ftMn» 

0 

o 

o 

mtit* 

fvim. 

mm. 

1 

20.73 

11.50 

2.44 

5.44 

5.43 

+0.01 

28 

1.11 

—  1.28 

—  6.06 

2.92 

a  95 

-0.03 

2 

19.06 

9.66 

—  1.83 

4.15 

4.06 

+  .09 

29 

—  0.78 

—  a94 

—  7.89 

a63 

a  58 

—  .05 

3 

17.  S9 

8.67 

—  2.17 

8.90 

a  95 

—  .05 

80 

—  5.56 

—  5.67 

—  aoo 

a93 

2.y4 

—  .01 

4 

20.39 

10.61 

0.67 

4.79 

4.56 

+  .23 

31 

—  ao9 

—  a72 

—  8.78 

a  45 

8.44 

+  .01 

S 

26. 6L 

17.28 

11.22 

9.91 

9.94 

—  .03 

33 

0.72 

—  1.88 

—  7.00 

a72 

a  71 

+  .01 

6 

19.17 

10.06 

—  0.2S 

4.47 

4.67 

—  .10 

33 

1.44 

-1.83 

—  6.56 

a  81 

a75 

+  .06 

7 

6.22 

2.89 

—  8.39 

8.56 

a  48 

+  .08 

81 

a  61 

—  0.89 

—  6.89 

a  74 

2.51 

+  .23 

8 

7.78 

a  17 

—  4.22 

3.85 

3.40 

—  .05 

35 

4.06 

—  0.06 

—  6.89 

2.74 

a  48 

+  .26 

9 

4.44 

0.17 

—  8.22 

2.47 

2.46 

-4- .01 

36 

—14.22 

—14.94 

—22.00 

0.79 

1.09 

-.80 

10 

1.44 

0.56 

—  0.39 

4.44 

4.30 

+  .14 

87 

—11.89 

—13.11 

—21.00 

0.87 

1.07 

-  .20 

11 

4.48 

2.89 

a89 

4.87 

4.80 

+  .07 

38 

—10.39 

-U.«? 

—21.06 

0.86 

1.13 

—  .27 

12 

4.94 

0.44 

—  6.9« 

2.72 

2.44 

+  .28 

89 

—  a94 

-11.22 

—20.67 

0.89 

1.80 

—  .41 

IS 

6.22 

1.28 

—  6.78 

2.76 

2.51 

+  .25 

40 

—  a75 

—  6.50 

—10.28 

2.11 

a  15 

—  .04 

14 

9.00 

2.50 

—  an 

2.48 

a  18 

+  .30 

41 

—10.89 

—11.67 

—15.44 

1.89 

1.48 

—  .09 

15 

8.89 

2.9t 

—  7.89 

2.53 

2.64 

—  .11 

42 

—10.33 

—11.11 

—14.56 

1.49 

1.57 

-.08 

16 

7.11 

2.U 

—  6.00 

2.9S 

2.79 

+  .14 

43 

—la  38 

— ia25 

—19.00 

1.08 

1.22 

-.19 

17 

1.11 

—1.28 

—  5.22 

ail 

2.94 

+  .17 

44 

—  a  17 

—  5.78 

—14.17 

1.54 

1.20 

+  .34 

18 

1.66 

—0.60 

—  4.06 

a  39 

a  87 

+  .02 

45 

—  7.39 

—  9.17 

—15.72 

1.36 

1.39 

-.03 

19 

-1.22 

-a  39 

—  a3S 

2.46 

a  46 

.00 

46 

—  6.30 

—  8.78 

—17.78 

1.14 

1.15 

—  .01 

20 

1.06 

—1.80 

—  6.06 

2.92 

2.89 

+  .03 

47 

—  9.39 

—10.83 

—17.83 

1.18 

1.30 

—  .12 

21 

1.72 

—1.00 

—  5.56 

8.03 

a  88 

+  .15 

48 

—  1.78 

—  5.00 

— laso 

1.64 

1.54 

+  .10 

22 

2.11 

—1.44 

—  a66 

2.41 

a  81 

+  .10 

49 

0.39 

—  1.61 

—  6.72 

2.99 

ao5 

—  .06 

23 

-0.56 

—2.78 

—  7.89 

2.53 

a  61 

-.08 

50 

—  4.06 

—  6.61 

—14.22 

1.63 

1.51 

+  .02 

m 

m 

* 

• 

« 

• 

m 

51 

—  4.17 

—  7.28 

—19.44 

0.99 

1.09 

-.10 

• 

m 

m 

m 

• 

• 

• 

52 

—  a50 

—  6.72 

—17.00 

1.22 

1.15 

+  .07 

24 

-1.22 

-3.89 

—  a22 

2.47 

2.46 

+  .01 

63 

—10.22 

— ia33 

-2a  83 

0.70 

0.72 

-.02 

25 

-^06 

-HL94 

— 1L17 

1.96 

1.97 

-.01 

54 

—11.83 

— iai7 

-20.  TO 

0.89 

l.OL 

—  .12 

26 

-1.28 

—2.88 

—  6.78 

2.97 

2.92 

+  .05 

55 

—  0.56 

—  an 

—  7.78 

2.56 

a  57 

-.01 

27 

0.44 

—1.78 

—  5.74 

2.99 

a89 

+0.10 

56 

—  0.92 

—  1.72 

—  7.66 

a  60 

a69 

—0.09 

*  Wet  bulb  covered  with  ice. 


From  the^yschrometric  fonnala,  eqnation  (1),  we  get: 


(2) 


~P(r-rO 


From  this,  with  the  data  given  in  the  preceding  table,  since  pi  andp  are  the  mazimom 
Taper  tenadona  corresponding  to  n  and  d  respectively,  we  get  the  valae  of  A,  which  satis- 
fies each  experiment. 

The  most  probable  value  of  AP  from  a  number  of  experiments  made  at  the  same  sta- 
tion, by  the  principle  of  least  squares,  is  sensibly 


(3) 


2(r-r,) 


ainoe  in  a  number  of  experiments  fhe  arerage  yalne  of  P  can  be  oaed  withont  sensible 
error.    In  combining,  however,  the  experiments  made  at  different  altitades  ve  moat  pat 


(4) 


j—.(^P\-p)r—r,) 


But  in  this  the  average  value  of  P  can  be  used  in  all  the  experiments  of  any  one  station. 

From  the  data  given  bv  the  experiments  ^e  values  of  Ipi-p)  (r-rO  and  of  r-ri  were 
computed  for  each  experiment.  In  this  the  revised  table  of  vapor  tensions,  published  by 
the  authority  of  the  International  Commitee  on  Weights  and  Measures,  has  been  used. 

Since  the  value  of.^,  by  theory,  ia  in  a  ve^  small  measure  a  function  of  n,  the  ex-> 
pariments  at  Colorado  Springs  have  been  divided  into  seven  groups  according  to  the 
velues  of  n,  from  which  the  following  table  of  results  have  been  obtained  for  eacii  group, 
of  which  the  average  value  of  n  is  that  contained  in  the  second  column.  The  values  of 
AP  in  the  last  column  are  obtained  from  those  of  the  two  preceding  columns  by  means 
of  (3). 
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Number  of  ex- 
periments. 

n 

S(iVi>)(T-n) 

l(T-ri) 

AP 

60 

o 
1.0 

822.6 

807.6 

0.8994 

09 

4.6 

1266.0 

8188.4 

0.4087 

70 

7.4 

2639.9 

6673.1 

0.4016 

16 

10.0 

757.1 

1880.1 

0.4027 

6 

13.6 

179.6 

428.9 

0.4237 

61 

16.6 

2004.4 

4947.5 

0.4062 

88 

l&O 

1048.6 

2906.9 

0.4184 

Bat  few  experiments  &11  into  the  middle  groups,  becanse  part  of  the  experiments  were 
made  in  the  early  part  of  spring,  before  the  observer  ascended  the  mountain  to  the  Trail 
House  and  Pike's  PeoJc,  and  the  balance,  in  order  to  get  the  other  extreme  of  tempeia- 
tores,  after  he  returned  in  July.  The  relatire  weights  of  these  determinationB  of  AP  aro 
as  the  nnmbMNB  under  the  heading,  2(r~ri). 

9.  Begarding  AP  now  as  a  fiinction  of  the  first  power  of  ri,  the  part  depending  on  n 
being  very  smsdl,  we  can  put: 


(5) 
in  which 

(6) 


AP^OA  +  PSAo+eri 


JoP=0.4  +  Ptf^o 


is  the  value  of  .^P  where  n^O,  and  in  which  SAq  is  a  small  correction  of  ./io  in  the  first 
assumed  value  of  AoP  s  0.4. 

From  (5)  we  get  with  the  values  of  AP  and  of  n  in  the  preceding  table,  seven  equa- 
tions of  condition  for  determining  the  most  probable  values  of  the  two  quantities,  6A^ 
ande, 

PSAo-^  l.de=— .0006 

PSAo-i-   4.e«a5+.0037 

PdAo-i-   7. 4c  =+.0016 

Ptf^o  + 10.0c  =+.0027 

i^i4o+13.5c=+.0237 

Ptf^+ 16.6c  =+.0052 

P*.io  +  18.9c=+.0184 

Givinff  these  equations  weights  in  proportion  to  the  preceding  values  of  Z(r— ri]  and 
solving  by  the  method  of  least  squares,  we  get 


(7) 


PdA9=  —0,0027±  0.0008 
6=0.00075  ±0.000069 


Hence  we  get  by  (6)  AnP  =  0.3973  ±  0.0008.  The  estimated  average  value  of  P  for  all 
the  experiments  at  Colorado  Springs  is  61 1"'™.    We  therefore  get 

(8)  Jo  =  0.00065  ±0.0000013 

Dividing  (6)  by  P=6H  we  get,  by  means  of  (6),  (7),  and  (8) 

(9)  A=Ao  +  ZTT  n  =  0.000650  (1  +  O.OOlOrO 

10.  The  part  in  this  expression  of  Ay  depending  upon  ri,  it  is  well  known,  arises  from  a 
similar  term  in  the  expression  of  the  latent  heat  of  water.  This,  by  the  former  expres- 
sion of  latent  heat  used  in  Renault's  formula,  is  1:610  =  0.00164.  By  the  expression 
of  the  latent  heat  of  water  as  determined  by  Regnault,  and  now  used,  this  coeflident  is 
0.695:606.5  =  0.00115.  This  is  considerably  less  than  the  coefficient  above,  obtained 
from  the  experiments  at  Colorado  Springs,  and  from  the  probable  error  in  (7),  and  con- 
sequently of  this  coefficient,  it  would  seem  that  the  true  value  cannot  be  so  small.  But 
in  the  method  of  obtaining  probable  errors  it  is  assumed  that  the  error  in  each  individ- 
ual observation  is  as  liable  to  be  in  error  in  the  one  direction  as  the  other.  The  deter- 
mination of  this  coefficient  from  the  experiments. depends  in  a  great  measure  upon  a 
comparison  of  the  results  obtained  from  the  experiments  at  Colorado  Springs  in  the 
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spring  with  those  from  the  experiment?  made  in  midsummer  after  the  retam  from  Pike's 
Peak,  arid  we  cannot  assume  that  during  this  time  there  may  not  have  been  some  slight 
cliange  in  the  instruments  or  the  method  of  observing  which  caused  a  slight  change  in 
the  relation  between  .the  results  obtained  at  the  two  seasons  which  was  constant  in  the 
same  direction.  It  would  require  a  very  small  change  of  this  sort  to  cause  the  differ- 
ence between  the  theoretic  value  of  the  constant  above  and  that  obtained  from  the  ex- 
periments, since  we  are  here  dealing  with  a  very  small  term  in  which  the  difference  be- 
tween the  two  values  is  somewhat  of  the  order  of  the  probable  error  in  its  determination 
t'rom  the  experiments.  For  the  present,  therefore,  until  further  research  on  the  subject, 
it  is  perhaps  safest  to  use  the  coefficient  given  by  Begnault's  expression  of  the  latent 
heat  of  water,  since  we  know  that  this  is  a  real  effect  which  must  come  into  the  formula; 
but  stUl  we  cannot  be  sure  that  in  the  theory,  based  upon  an  imperfect  and  approximate 
application  of  the  diffosiou  theory  of  gases,  there  may  not  be  some  small  modifying 
effects  not  taken  into  account  which  would  change  the  value  of  this  coefficient  in  the 
one  direction  or  the  other.    We  shall  therefore  put 


(10) 


^»^o  (1+0.00115  n) 


11.  With  the  data  obtained  from  the  100  experiments  at  the  Trail  House,  the  esti- 
mated average  value  of  P  being  6a0  "™,  we  get  ^m  (3) 


(11) 


il  = 


3798 


550X10297 


=  0.000671 


The  values  of  n  in  these  experiments  are  confined  within  a  small  range  and  so  all  the 
experiments  are  included  in  one  group.  This  value  corresponds  to  the  average  of  n 
6<'.9. 

In  the  same  manner  we  get  ftom  the  170  experiments  on  Pike's  Peak,  the  estimated 
average  value  of  P  being  461°^™, 


(12) 


^  = 


2225 


461X7?25 


=  0.000663 


This  oonresponds  to  an  average  value  of  ri=  4^4. 

From  55  of  the  58  experiments  made  by  Marvin  at  Washinicton,  with  an  awage 
barometric  pressure  P  =  763'"°*,  we  get  iVom  (3) 

f^1^  A  1114 

(13)  A  ==  7g3x2116  =  0000690 

corresponding  to  an  average  value  ri=:  17^.8. 


From  Hasen's  58  simultaneous  experiments,  made  under  the  same  conditions,  we  get 
from  (3) 


(14) 


1155 
^  —  763X2264  ~  0.006669 


From  the  16  experiments  made  by  Hazen  in  Massachusetts,  with  n  >  0^  and  an  es- 
timated average  of  P  =  760°*™,  we  get 


(15) 


A  =--|5|_  =  0.000654 
760X722 


corresponding  to  an  average  value  of  vi  =  5^.4. 
12.  The  following  is  a  summary  of  the  results  obtained  at  the  several  stations: 


Station. 


Colorado  Spriof^. 

Trail  Honfle 

Pike*s  1  e:*  k 

IVashhiRton : 

Murviu 

Hacen 


Number 
of  exper- 
iments. 


■• ••««•»••••««••••«« 


280 
160 
170 

05 

16 


p 

n 

A 

mm. 
611 
590 
461 

763 
768 
760 

o 

9.1 
7.0 
4.4 

17.8 

17.8 

5.4 

0.000671 
668 

690 
669  1 
C54 

0.0006SO 
666 


676 
656 
650 


246  REPOKT   OF   THE   CHIEF   SIGNAL   OFFICER. 

With  the  Talaes  of  A  and  ri  that  of  A^  has  been  obtained  from  (10),  except  in  the  case 
of  Colorado  Springs,  which  has  been  treated  in  a  different  manner  by  diyiding  the  ex- 
periments into  different  groups  with  reference  to  the  valnesof  ri,  in  order  to  obtain  a  tci^ 
ification  of  the  coefficient  of  n  in  (10).  The  relative  weights  in  thesp  determinations  of 
A^  are  as  the  denominators  in  the  preceding  expreasions  of  A.  Considering  the  great 
range  of  altitude  of  the  stations  from  sea  level  up  to  the  top  of  Pike's  Peak,  the  valuea 
of  Alt  obtained  at  the  several  stations  agree  with  one  another  remarkably  well,  for  the 
greatest  difference  of  any  of  them  from  the  average  corresponds  to  only0.15<"<"of  vapor 
tension  in  the  formula  (1),  with  a  value  of  r — ri=10°. 

From  the  combination  of  all  the  751  experiments  we  get,  using  (4)  instead  of  (3)  in  thia 
case, 

(16)  ^  =  J^^^=»  0.000067 
^  25318700 

corresponding  to  an  average  value  for  all  the  experiments  of  ri  ss  8^9.  With  these 
values  of  A  and  ri  (10)  gives 

(17)  A^  »  0.000660 

as  the  most  probable  value  deduced  from  all  of  the  experiments.  If  this  last  reduction 
had  been  made  by  means  of  (9)  instead  of  (10)  we  should  have  A^  =  0.000656.  It  u 
with  this  value  that  the  value  of  A^  in  (8)  should  be  compared  in  comparing  the  constant 
deduced  from  the  experiments  at  Colorado  Sprinj^s  with  the  most  probable  value  deduced 
from  alL  It  is  this  latter  value  which  should  be  used  if  the  coefficient  of  Vi  in  (9)  is 
adopted.    In  either  case  the  p^chrometric  formula  would  agree  for  the  value  of  T\  =  8^.  9. 

13.  From  the  whole  number  of  experiments  made  by  Marvin  with  Regnault's  hygro- 
meter, 677  in  number,  we  get  in  the  same  manner  as  In  the  preceding  examples,  A^= 
0.000661.  From  the  74  experiments  made  by  Hazen,  in  which  the  temperature  of  the  wet 
bulb  was  above  freezing,  and  in  which  AUuard's  hygrometer  was  used,  we  get  in  like  man- 
ner A^  ==  0. 000654.  The  average  value  of  r — r  i  iu  these  latter  experiments  is  6°.  1 .  Hence, 
using  the  difference  between  these  values  of  ^q,  an  average  decrease  of  0.00007X760 
XO^'.l  =0.032^^  in  the  indications  of  AUuard's  hygrometer  reduces  them  to  the  same 
as  those  given  by  Regnault's  hygrometer,  if  we  suppose  that  the  readings  of  the  two 
p^chrometers  are  prMiaely  the  same.  But  from  the  55  simultaneous  comparative  exp^- 
ments  of  Marvin  and  Hazen  we  get  by  means  of  a  differential  formula  and  the  differences- 
between  their  readings,  the  average  difference  of  the  vapor  tensions  (Marvin  —  Hazen), 
equal  0.040"^.  Hence  we  shall  lubve  the  average  difference  of  the  vapor  tensions  given 
by  the  hygrometers  (Alluard  —  Regnault)  equal  0.072°'">. 

Sworykin  found  from  his  comparative  experiments  the  difference  between  the  vajKir  ten- 
sions given  by  Alluard's  and  Swackhdffor*s  volume  hygrometer  (Alluard — volume  hygro- 
meter) equal  0.10"^.  Hence  it  would  seem  that  the  indications  of  Regnault's  hygro- 
meter and  the  volume  hygrometer  are  very  nearly  the  same,  and  that  the  difference- 
between  the  indications  of  Alluard's  hygrometer  and  those  of  either  of  the  others  is  very 
small. 

14.  The  .estimated  velocity  of  whirling  of  the  psychrometer  in  the  experiments  was 
25  feet  per  second. 

The  thermometers  were  cylindrical,  of  the  following  dimensions:  Dry-bulb,  No.  979. 
length  18~»,  and  diameter  3.8~»;  wet-bulb,  Na  85,  length  23»»,  and  diameter  4«», 
approximately. 

From  numerous  comparative  experiments  it  is  shown  that  with  a  velocity  of  12  feet 
per  second  and  upwards  there  are  no  sensible  differences  in  the  depressions  of  the  wet- 
bulb  temperatures  r — ri,  either  for  different  sizes  or  shapes  of  the  Dulbs  or  for  different 
velocities  of  whirling.  The  following  table  contains  the  results  in  Fahrenheit  degrees  of 
twenty-one  experiments  made  at  Colorado  Springs,  with  an.  estimated  velocity  of  whirl- 
ing of  25  feet  per  second: 
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Cylindrical  bulbs. 

1 

t 

Spberioal  bulbs. 

1 

D17,  No.  0791 

T 

Wet,Na86. 

T— n 

Dry,  Ko.  727. 

T 
1 

Wet,  No.  721. 

n 

T— Tl 

0 

0 

0 

0 

0     ' 

0 

62.83 

62.55 

10.28 

68.10 

62.82 

10.78 

70.75 

49.92 

30.88 

70.92 

49.87 

21.06 

68.18 

48.66 

19.48 

C8.20 

48.54 

19.66 

61.15 

60.04 

11.11 

61.86 

50.02 

11.84 

67.43 

49.12 

8.80 

57.49 

49.24 

8.25 

61.82 

49.98 

11.89 

62.11 

49.74 

12.87 

61.88 

49.79 

1L54 

61.51 

49.71 

11.80 

63.24 

62.15 

11.09 

63.48 

52.12 

11.86 

64.62 

62.03 

12.59 

64.73 

52.07 

12.66 

63.08 

51.64 

11.89 

63.22 

51.65 

11.67 

62.72 

60.72 

12.00 

62.82 

50.75 

12.07 

68.24 

60.83 

12.41 

63.18 

60.87 

12.81 

62.83 

50.50 

11.83 

62.42 

50.64 

11.88 

70.66 

47.56 

28.10 

70.66 

47.48 

2a  18 

70.89 

47.17 

28.22 

70.80 

47.81 

23.49 

70.88 

46.65 

23.78 

70.80 

46.54 

23.76 

71.20 

47.58 

28.62 

71.12 

47.44 

23.68 

71.88 

47.20 

24.18 

71.88 

47.16 

21.22 

74.42 

48.96 

25.46 

74.06 

48.52 

25.54 

74.17 

49.88 

24.79 

74.42 

49.36 

25.06 

74.99 

49.47 

25.52 

75.04 

49.42 

25.62 

66.68 

49.61 

17.07 

66.78 

49.56 

17.22 

Each  one  of  the  temperatnr«s  in  this  tablets  the  avera{2:e  of  about  ten  readings  of  the 
thermometer,  all  being  read  forward  and  back  alternately  in  snch  a  manner  as  to  make 
the  averages  in  each  experiment  the  same  as  those  of  simaltaneons  readings.  It  is  seen 
that  the  temperature  depression  r-ri  upon  the  whole,  and  mostly  in  each  experiment, 
contrary  to  what  we  wonld  expect,  is  smaller  in  the  cylindrical  than  in  the  spherical  bulbs, 
but  the  amount  is  very  small  and  may  be  due  to  instrumental  errors.  It  is  seen  that  it 
arises  mostly  from  the  differences  in  the  readings  of  the  dry-bulb  thermometers,  only  one- 
third  of  it  being  due  to  differences  in  the  readings  of  the  wet-bulb  thermometers.  The 
diameter  of  the  spherical  bulbs  was  if«  of  an  inch ;  the  dimensions  of  the  cylindrical  ones, 
as  given  aboTe. 

The  foUowtng  table  contains  the  depressions  r-ri,  in  two  sets  of  three  experiments 
eadi,  made  at  Oolorado  Springs  with  the  same  cylindrical  thermometers,  first  with  the 
psychrometer  still,  and  then  with  estimated  whirling  velocities  per  second,  as  given: 


First  set. 

1 

Second  set.                | 

1 

8tin. 

Sfeet. 

25  feet. 

Still. 

13  feet. 

25  feet 

0 

18.07 
13.98 
18.61 

0 

18.80 
18.96 
14.68 

0 

18.86 
18.96 
14.74 

0 

8.49 

9.76 

19.82 

0 

9.23 

9.97 

21.61 

0 

9.12 
10.09 
21.53 

18.17 

14.10 

14.18 

13.60 

13.60 

18.68 

These  eixperimentB  were  made  in  a  room  not  entirely  closed,  but  in  which  there  was 
but  little  agitation  of  the  air.  The  following  were  made  under  the  same  conditions  at 
Pike's  Peak: 


sun. 

13  feet. 

36  feet. 

0 

11.21 
9.17 
8.61 

0 

13.03 
10.89 
10.46 

0 

12.04 
10.84 
10.44 

9.66 

11.12 

11.  U 
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In  each  of  these  experiments  the  depressions  of  the  wet-balb  temperatares  r-ri,  are 
greater  with  the  psychrometer  whirled  than  with  it  not  whirled,  and  on  the  average  the 
depression  is  a  very  little  greater  with  a  velocity  of  25  feet  than  with  a  velocity  of  8 
feet,  bnt  there  does  not  seem  to  be  any  sensible  difference  in  velocities  of  12  feet  and 
25  feet  per  second.  In  the  last  two  tables,  as  in  the  preceding  one,  the  nnmbera  are  the 
averages  from  ten  readings  of  the  instniments. 

15.  From  all  of  the  pieceding  experiments  we  may  infer  that  with  cylindrical  bnlba 
the  maximnm  depression  of  the  wet-bnlb  temperature  is  reached  sensibly  with  a  velocity 
of  whirling  of  10  feet  per  second,  and  that  with  a  velocity  of  25  feet,  at  least,  there  is 
no  sensible  difference  in  this  depression  between  cylindrical  and  spherical  bnlba,  and 
that  the  difference  most  probable  vanishes  sensibly  at  10  feet  per  second.  If  so,  the 
same  value  of  the  constant  A  in  the  psychrometric  formula  can  be  used  for  all  shapes 
and  sizes  of  thermometer  bulbs,  and  for  all  velocities  of  ventilation  of  10  feet  or  more 
per  second,  or  at  least  for  velocities  of  15  feet  and  over  in  the  case  of  large  spherical  bulls. 
Hiis  agrees  very  well  with  the  results  obtained  by  Sworykin,  given  in  the  table  of  sec- 
tion 5,  in  which  the  minimum  constant  required,  and  consequently  the  greatest  depres- 
sion or  value  of  r>ri,  with  small  cylindrical  bulbs,  is  very  nearly  reached  with  a  velocity 
of  ventilation  of  3  meters  per  second,  and  in  the  case  of  laige  spherical  bulbs,  the  min- 
imum value,  of  ^  or  greatest  value  of  r~ri,  and  a  value  very  nearly  the  same  as  in  the  case 
of  the  small  cylindrical  bulbs,  is  reached  with  a  velocity  of  about  5  meters  per  second. 
Swory kin's  minimum  value  of  A  for  his  small  cylindrical  thermometers  also  agrees 
very  well  with  the  most  probable  value  0.000660,  which  is  here  obtained  (17)  from  all 
the  experiments  with  the  same  kind  of  thermometers,  the  whole  difference  being  of  no 
consequence  in  anv  practical  application  of  the  formula. 

16.  The  following  values  of  A  have  been  obtained  from  experiments  made  with  a 
sling  peychiometer  and  a  condensing  hygrometer :  Doy^re*  from  522  experiments  made 
in  1855,  ^=K). 000678;  and  L^penayf  from  11  experiments  a  few  years  ago,  ^=0.000693. 
These  experiments  were  probably  made  in  summer,  or  at  least  with  medium  tempera- 
tures, and  so  should  be  a  little  greater  than  the  valve  above  reduced  to  fireesing.  But 
still  they  are  a  little  laiger  than  thatabove,  while  Sworykin's  is  about  as  much  smaller. 

17.  From  the  7  experiments  made  by  Hazen  in  Massachusetts  with  bulb  not  covered 
with  ice,  but  in  which  n  <  0^,  we  get  from  (3) 

(18)  A  =-|14^=  0.000627 

^    '  760X45.5 

corresponding  to  an  average  value  of  ri  =■  -  l,T*,  Although  this  determination  has  but 
little  weight  on  account  of  the  fewness  of  the  experiments  and  the  small  ranges  of  r-ri, 
yet  it  does  not  differ  materially  from  the  other  values  of  A ,  determined  from  much  larger 
groups. 

There  is,  however,  considerable  uncertainty  in  the  indications  of  the  psychrometer 
when  the  temperature  of  the  wet  bulb  is  below  0°,  and  yet  is  not  covered  witii  ice,  since 
if  the  water  should  be  in  the  act  of  freezing  and  the  freezing  be  not  yet  perceptible, 
they  would  be  very  erroneous.  The  latent  heat  given  out  in  freezing  causes  the  read- 
ing of  the  wet-bulb  thermometer  to  be  too  high,  for  this  is  a  source  of  heat  not  taken 
into  account  in  the  theory  of  the  formula,  nor  is  the  constant  of  the  formula  adapted  to 
such  a  condition.  Experiments  162, 163,  and  164,  not  included  in  the  table  of  section  7, 
were  of  this  character  according  to  the  marginal  note  of  the  experimenter.  These  give 
a  value  of  ^=0.0008,  indicating  that  the  temperature  of  the  wet  bulb  was  much  too 
high  for  ordinary  conditions. 

18.  From  the  33  experiments  in  the  table  of  section  7,  in  which  the  wet  bulb  was 
covered  with  ice,  we  get  from  (3) 

(10)  ^=_^^|_=  0.000670 

corresponding  to  a  value  of  r  =  —  6^.5.  This  is  a  little  larger  than  the  value  of  (17), 
although  it  is  well  known,  according  to  theory,  it  ought  to  be  about  one-eighth  less. 
The  fault  is  doubtless  not  in  the  theory  but  in  the  temperature  of  the  wet  bulb,  which 
cools  slowly  when  it  is  covered  with  ice  on  account  of  its  small  conductivity  for  heat, 
so  that  the  bulb  does  not  become  cooled  down  to  the  minimum  with  the  ususd  amount 
of  whirling.  The  average  range  of  r  —  ri  in  the  33  experiments  is  only  2^.0,  and  with 
this  value  at  the  temperature  of —  6^5,a  diminution  of  0^.2  in  the  wet-bulb  tempera- 
ture would  decrease  the  value  of  the  constant  deduced  from  the  experiments  the  requi- 
site amount  to  make  it  agree  with  the  requirements  of  theory.    With  the  temperatures, 

*  Pftris  Ann.  Soc.  Met,  III,  1835,  page  60.  f  Journal  de  Physique,  X,  1881. 
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tborefore,  of  the  icd-corered  balb  a?  uaaally  takea.  without  lon*^  contlnaed  ventilation, 
the  same  constant  can  be  osed  in  the  formala  for  temperatures  of  the  wet  bulb  either 
above  or  below  the  freezing  point.  At  any  rate  an  error  of  one-eighth  part  in  the  con- 
stant at  these  low  temperatures  rarely  gives  rise  to  an  error  in  the  vapor  tension  of  0.2 
mm.,  and  generally  much  less 

19.  The  psychrometric  formala  (1)  by  means  of  (10)  and  (17)  becomes 

(20)  l>=pi— 0.000660  P(r— ri)  (1+0.00115  n) 

Since  the  part  of  this  expression  depending  upon  ri  is  very  small,  and  it  is  found  from 
experiment,  npon  the  average,  that  r — ri  does  not  differ  mnch  Aom  ri,  we  can  put 
without  matenal  error  for  the  sake  of  rendering  the  expression  more  convenient  for  tab- 
ulation, 

(21)  i>==pi-0.000660  P  (r-ri)  #1+0.00115  (r— r,)  J 
in  which  the  error  will  be  in  each  instance, 

(22)  i:=0.00000076P(r-ri)  (r-2ri) 

This  rarely  amounts  to  as  much  as  0.05"^  in  the  vapor  tension. 

From  what  has  been  stated  (20)  or  (21)  can  be  applied  in  case  the  wet  bulb  is  covered 
with  ice,  at  least  when  the  observation  of  the  wet-bulb  temperature  is  taken  with  only 
the  usual  amount  of  whirling^  And  this  agrees  with  the  experiments  of  Sworykin,  who 
found  tiiat  they  were  equally  well  represented  by  the  formula  with  the  same  value  of 
A  for  all  temperatures  frota  — 10^  up  to  +23°.  The  number  of  his  experiments  and  the 
range  of  temperature  were  scarcely  sufficient  to  bring  out  the  small  effect  in  (20)  de- 
pending upon  ri. 

The  first  term  in  the  expression  of  (21),  being  a  function  of  r^  is  obtained  with  r=ri, 
as  an  argument  from  Table  IV,  which  is  an  abridgment  of  that  recently  published  by 
the  International  Bureau  of  Weights  and  Measures.  The  last  term  of  (21),  being  a  func- 
tion of  r — ri  and  P,  is  obtained  from  Table  V,  with  these  quantities  as  arguments.  Hence 
we  have 

(23)  P=Table  IV— Table  V. 

This  very  convenient  arrangement  of  tabulation  and  use  of  the  formula  was  first  de- 
vised and  recommended  by  Kaemtz.     (Lehrbueh  der  Meteoroloffie,  Band  1.) 

20.  From  (23),  by  means  of  the  tables,  the  values  of  P  in  the  tables  of  section  7,  un- 
der the  heading  C  have  been  obtained  for  each  of  the  791  experiments.  The  values  P 
under  the  heading  have  been  obtained  from  the  table  of  the  International  Bureau  of 
Weights  and  Measures,  with  the  observed  dew-point  of  the  condensing  hygrometers  as 
an  argument.  The  residuals,  ^— C,  are  the  differences  between  the  vapor  tensions 
given  by  the  hygrometer  and  the  whirled  psychrometer  by  means  of  Tables  IV  and  V 
In  the  latter  the  average  value  of  P  for  each  station  was  used,  but  the  part  of  the  resid- 
uals due  to  this  cause  is  small,  since  there  was,  in  general,  but  little  fluctuation  of  baro- 
metric pressure. 

The  value  of  ^  (22)  was  computed  for  each  one  of  the  experiments,  and  found,  on  the 
average,  to  amount  to  only  0.016™™,  and  only  in  one  case  did  its  value  amount  to  as 
much  as  0.05™™.    The  errors,  therefore,  dne  to  this  cause  are  of  no  importance. 

21.  Considering  the  hygrometers  (Regnault^s  mostly)  as  true  standards  of  comparison, 
it  ia  seen  from  the  residuals,  i9-C,  that  the  psychrometer  in  its  application  in  nearly  800 
experiments,  made  in  Colorado,  at  Washington,  and  in  Massachusetts,  and  at  stations 
ranging  in  altitude  from  sea-level  to  the  top  of  Pike's  Peak,  and  for  a  large  range 
of  temperature,  has  given  with  the  same  constant  in  the  formula  and  the  same  table,  very 
satisfactory  results.  The  probable' error,  as  deduced  from  the  residuals,  is  ouly  0.084™™, 
and  the  greatest  residual  only  0.49™™.  But  the  probable  error  thus  deduced  is  the 
probable  difference  simply  in  any  one  comparison  of  the  two  methods  of  obtaining  the 
vapor  tension,  in  which  the  hygrometer  must  have  its  share  of  the  error.  In  the  simul- 
taneous experiments  of  Marvin  and  Hazen  it  is  found  that  the  principal  part  of  the  differ- 
ences in  their  results  is  due  to  the  differences  of  the  observed  dew-points,  and  not  to 
differences  in  the  temperature  readings  of  the  psychrometer.  The  probable  error,  there- 
fore, of  tho  psychrometer  in  any  one  observation  of  the  average  weight  of  the  experi- 
ments above  is  only  about  0.05™™.  But  this  implies  that  the  observation  should  be  the 
average  often  readings  of  the  thermometers,  made  with  the  same  care  as  in  the  experi- 
ments. So  when  there  is,  as  usual,  only  one  reading  of  each  thermometer,  the  probable 
error  of  course  will  be  considerable  more. 
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In  order  to  test  the  applicability  of  the  formnhi  and  tables  to  very  high  temper»- 
tnres,  a  few  experimentg  were  made  by  Professors  Marvin  and  Hazen,  conjointly,  in  Dr.. 
Bote's  Torldsh  baths,  Washington,  the  results  of  which  are  contained  in*  the  following 
table. 


No. 

1 

i 

P 

T 

tl 

, 

• 

a 

9-0 

O 

o 

mii^. 

WMfl. 

ffMM. 

1 

67.79 

82.13 

21.85 

18.87 

22.44 

—8.67 

2 

59.29 

82.40 

22.92 

20.76 

22.83 

-1.58 

8 

67.78 

81.44 

21.86 

19.22 

20.76 

—1.68 

4 

69.29 

82.89 

21.66 

19.11 

22.82 

-8.21 

It  is  seen  that  the  Tables  IV  and  V  gire  Tapor  tensions  too  great  in  each  case  for  that 
obtained  from  the  observed  dew-point.  The  formula  (21 )  would  reqnixe  a  constant  equal 
to  0. 000757  to  satisfy  best  these  experiments.  It  would  seem,  therefore,  according  to 
these,  that  the  coefficient  of  r^  shoold  be  greater  even  than  that  in  (9),  which  is  also 
greater  than  the  theoretical  value  in  (10),  which  has  been  adopted  in  constructing  the 
tables.  On  account  of  the  fewness  of  the  experiments,  however,  and  the  inconveniences 
under  which  they  were  made,  the  results  are  not  decisive,  and  the  whole  subject  requires 
further  research.  In  the  ten  experiments,  392  to  401,  inclusive,  mode  in  a  heated  room 
on  Pike's  Peak  at  a  much  higher  temperature,  it  is  seen  from  the  residuals  9 — C  in  the 
tables  of  section  6,  that  the  experiments  are  very  well  satisfied  by  the  tables,  but  the  resid- 
uals, thongh  very  small,  are  all  n^ative,  as  in  the  preceding  table,  indicating  that  a  little 
greater  coefficient  of  r^  in  (20),  or  of  r — ri  in  (21)  is  required.  For  ordinary  ranges  of 
temperature,  however,  the  whole  uncertainty  is  a  matter  of  no  consequence  in*  any  prac- 
tical application  of  the  formula  and  tables. 

23.  A  number  of  experiments  were  made  to  ascertain  how  long  it  is  necessary  to  sling 
the  pe^chrometer  with  a  velocity  of  25  feet  per  second  in  order  to  reach  the  maximum 
temperature  depression  r — ri  of  the  wet  bulb,  and  also  to  ascertain  how  long  it  would  be 
necessary  to  continue  to  sling  it  before  this  would  begin  to  decrease  in  consequence  of  the 
wet  bulb's  becoming  too  dry.  From  the  average  of  nine  sets  of  experiments,  in  which 
the  wet  bulb  was  first  wet  with  water  of  the  same  temperature  as  the  air,  and  the  psy- 
chrometer  was  whirled  for  ten  seconds  and  then  read,  then  whirled  ten  seconds  longer 
and  read  again,  and  so  on,  we  get  the  results  in  the  following  table  in  degrees  Fahren- 
heit: 


No.  of 

No.  of 

reftdinff. 

T 

Tl 

r— Tl 

reading. 

T 

TI 

r— Tl 

o 

O 

o 

O 

O 

o 

1 

66.10 

47.44 

7.66 

!              18 

65.06 

46.01 

10.07 

2 

66.16 

46.78 

9.43 

14 

56.06 

46.07 

10.01 

8 

66.18 

45.80 

9.88 

i               1* 

85.17 

45.21 

9.96 

4 

66.18 

45.18 

9.96 

16 

86.10 

45.28 

9.82 

5 

66.17 

45.12 

10.06 

17 

65.09 

45.87 

9.72 

6 

65.20 

46.18 

10.07 

18 

55.20 

45.72 

9.48 

7 

66.18 

45.06 

10.12 

19 

65.21 

45.97 

9.24 

8 

66.18 

45.08 

10.10 

20 

65.17 

46.67 

8.60 

9 

66.13 

46.00 

10.04 

21 

65.18 

47.76 

7.62 

10 

65.16 

45.12 

10.04 

22 

65.28 

48.66 

6.67 

11 

66.18 

45.14 

10.04 

28 

65.20 

49.88 

6.87 

12 

65.28 

45.18 

10.05 

1 
1 

The  maximnm  of  r — r^  is  reached  at  about  the  seventh  reading  or  at  the  end  of  a  lit- 
tle more  than  one  minute  of  whirling,  or  we  may  say  set  the  end  of  one  minate  of  contin- 
nous  whirling,  nnoein  the  stoppages  to  read  the  temperatures  there  would  be  meanwhile 
a  alight  rise  of  temperature.  With  a  velocity  of  whirling,  however,  of  only  10  feet  per 
second  the  time  required  to  reach  the  maximum  depression  would  be,  perhaps,  two  or 
tluee  minatea.  Although  the  maximum  depression,  as  we  have  seen,  section  14,  i» 
reached  with  a  velocity  of  10  feet  per  second,  especially  in  the  case  of  small  cylindrical 
bulbs,  yet  there  is  an  advantage  of  having  a  greater  velocity,  in  that  it  requires  less 
whirling  to  reach  this  maximum. 

At  the  end  of  about  2.5  minutes  of  whirling  at  the  rate  of  25  feet  per  second,  the 
value  of  r — r\  begins  to  diminish  from  the  effect  of  the  muslin  of  the  wet  bulb  becom- 
ing too  dry.    Whirling,  therefore,  at  this  rate  should  not  be  continued  beyond  this  timep 
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bat  with  smaller  velocities  of  whirling  it  may,  of  coarse,  be  continued  longer,  since  the 
-smaller  the  Telocity  the  less  th^  rate  with  which  the  muslin  dries.  This  time  must  de- 
pend very  much  upon  the  kind  of  muslin  used,  coarse  or  fine,  and  also  upon  the  kind 
of  bnlb.  Every  observer  or  experimenter  should  determine  this  for  the  psychrometer 
in  use  and  not  continue  to  swing  or  whirl  before  reading  until  the  bulb  becomes  too  dry. 
24.  The  psychrometric  formoSit  (21),  expressed  in  English  measures,  becomes: 


(24) 


p=pi— 0.000387  P(r— Ti)  (1+0.00064)  (r— r,) 


This,  reduced  to  tables  in  the  manner  in  which  (21)  has  been,  gives  Tables  land  II  in- 
«tead  of  Tables  IV  and  V  in  international  measures.    Hence  we  now  have,  instead  of  (23) , 


(25) 


p=  Table  I— Table  II. 


Using  now  Table  I  in  an  inverse  manner,  the  value  of  r  corresponding  to  this  value  of 
j>  found  in  the  interior  of  the  table,  is  dew-point  J. 

With  the  air  temperature  r  and  the  dew-point  (T,  we  get  the  depression  of  the  dew- 
point  (r— d).  Then  with  r  and  (r— <))  as  aiguments,  Table  III  gives  the  relative  humid- 
ity, S. 

JSEaiRp20.— Given  r=84.3n^66^7,  andP=25.3  inches  to  findp  i  and  B. 

Table  I,  with  r^ri  s66^70  as  an  argument,  gives |>i=  0.654  inch. 

Table  II,  with  T—ri=: 84**. 3— 66^.7=17^6  andp=25.6  inches(the  nearest  argument 
in  the  table  to  25.3  inches)  as  arguments,  gives  0.167  inch  as  the  value  of  the  li^t  term 
in  (24).    Hence  by  (25)  we  get 

j>=0.654— 0.167=0.487  inch. 

The  value  of  r,  Table  I,  corresponding  with  0.487  inch  in  the  table,  is  the  dew- 
point  4=580.3. 

Tablein,  withT=84*'.3andr—<f= 84®.  3— 58^3=26^.0  as  arguments,  then  gives  42^. 

Table  I. — Tension  of  apteoua  vapor. 


r 

fP 

lo 

29 

80 

40 

50 

60 

70 

• 

80 

90 

o 

In. 

In. 

Xn. 

In. 

In. 

In. 

In. 

In. 

In. 

in. 

-«) 

0.010 

O.009 

0.009 

0.008 

0.008 

0.007 

0.007 

0.007 

0.006 

0.006 

-«) 

0.017 

0.016 

0.015 

0.014 

0.014 

0.013 

0.012 

0.0U 

0.0U 

0.010 

—10 

0.028 

0.026 

O.0U5 

0.024 

0,023 

0.022 

0.020 

0.019 

0.018 

0.018 

—  0 

0.045 

0.0«3 

0.041 

0.089 

0.097 

0.035 

0.034 

0.082 

0.031 

0.029 

+  0 

0.045 

0.047 

0.049 

0.062 

0.054 

0.057 

0.069 

0.0G2 

0.065 

0.0G8 

10 

0.071 

0.074 

0.078 

V    0.061 

0.085 

0.08H 

0.092 

0.096 

0.101 

0.105 

20 

0.U0 

0.U4 

0.U9 

0.124 

0.130 

0.135 

0.141 

0.147 

0.153 

0.159 

T 

£P.O 

00.1 

0P.2 

00.3 

00.4 

00.5 

00.6 

00.7 

00.8 

00.9 

80 

0.166 

0.167 

0.167 

0.168 

0.169 

0.169 

0.170 

0.171 

0.171 

0.172 

81 

ai73 

0.173 

0.174 

0.175 

0.176 

0.176 

0.177 

0.178 

0.178 

.   0.179 

82 

0.180 

a  181 

0.181 

0.182 

0.183 

0.184 

O.lSl 

0.185 

0.18G 

0.186 

83 

01187 

0.188 

0.189 

0.189 

0.190 

0.191 

0.192 

0.192 

0.193 

0.194 

81 

a  195 

0.196 

0.196 

a  197 

0.198 

0.199 

0.200 

0.200 

0.201 

0.202 

85 

0.203 

a204 

0.204 

0.205 

0.206 

0.207 

0.206 

0.206 

0.209 

0.210 

86 

0.2U 

0.212 

0.213 

0.213 

0.214 

0.215 

0.216 

0.217 

0.218 

0.218 

87 

0.219 

0.220 

0.221 

0.222 

0.2:23 

0.224 

0.225 

0.225 

0.226 

0.227 

88 

0.228 

0.229 

0.280 

0.281 

0.232 

0.283 

0.233 

0.284 

0.235 

0,236 

39 

0.237 

a238 

0.239 

a240 

0.241 

0.242 

0.243 

0.244 

0.245 

0.246 

40 

0.246 

0.247 

0.248 

.    a249 

0.250 

0.251 

0.252 

0.253 

a254 

a255 

41 

0.256 

0.257 

0.258 

0.259 

0.260 

0.261 

0.262 

0.263 

0.264 

O.205 

42 

0.266 

0.267 

a266 

0.260 

0.270 

0.271 

0.2?2 

0.273 

0.274 

0.276 

43 

0.277, 

0.278 

0.279 

0.280 

0.281 

0.282 

0.283 

0.284 

0.285 

0.286 

44 

a287 

0.288 

0.290 

0.291 

0.292 

0.293 

0.294 

0.295 

0.296 

a297 

45 

0.296 

a800 

O.801 

a802 

0.308 

0.804 

O.806 

O.806 

0.308 

0.809 

40 

0.810 

a8ii 

0.812 

a  813 

0.815 

0.316 

0.817 

0.818 

a  819 

0.821 

47 

0.822 

0.828 

01824 

0.825 

0.827 

0.828 

0.829 

0.880 

a882 

a833 

48 

a834 

0l885 

0.887 

,   0.888 

0.889 

0.840 

0.842 

0.848 

0.844 

0.845 

49 

a  817 

O.BAS 

a849 

asiu 

assj 

0.853 

a8S5 

aaB6 

a857 

0.859 

50 

0.860 

a861 

0.888 

0.864 

a865 

da67 

a868 

a369 

a871 

0.872 

61 

0.878 

a876 

0.876 

0.878 

0.879 

0.880 

0.882 

a888 

a885 

0.886 

62 

0.887 

0.880 

0.890 

0.892- 

a89y 

0.895 

0.896 

0.897 

0.899 

0.400 

63 

0.402 

0.403 

a400 

0.406 

0.408 

0.409 

0.411 

0.412 

0.414' 

0.415 

^ 

0.417 

0.418 

0.420 

•6.421 

0.423 

a  424 

a426 

0.427 

0.429 

0.431 
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Table  I. — Tonsion  of  aqueous  vapor — Continaed. 


r 

00.0 

00.1 

(fi.2 

(fi.Z 

00.4 

1 
00.5 

00.6     j 

00.7 

0O.8 

OOJO 

o 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

+55 

0.432 

0.431 

0.485 

0.437 

0.488 

0.440 

6.442 

0.443 

0.445 

0.446 

56 

0.448 

0.450 

0.451 

0.453 

0.455 

0.456 

0.458 

0.460 

0.461 

a463 

57 

0.464 

0.466 

0.468 

0.470 

0.471 

0.473 

0.475 

0.476 

0.478 

0.480 

58 

0.481 

0.483 

0.483 

0.487 

0.486  i 

0.400 

0.492 

0.404 

0.496 

0.497 

50 

0.490 

0.501 

0.508 

0.504 

0.506  1 

0.608 

0.510 

0.512 

0.518 

0.515 

60 

0.517 

0.510 

0.521 

0.523 

0.524 

0.536 

0.528 

0.580 

0.532 

a534 

61 

0.636 

0.538 

0.630 

0.541 

0.543  1 

0.545 

0.647 

0.549 

0.551 

0.558 

62 

0.655 

0.657 

0.550 

0.561 

0.563 

0.5(SS 

0.567 

0.560 

0.671 

a  578 

63 

0.575 

0.577 

0.570 

0.581 

0.583  ! 

0.685 

0.587 

0.580 

0.501 

0.SS3 

61 

0.596 

0.597 

0.500 

0.601 

0.604 

0.600 

0.608 

0.010 

0.612 

0.614 

65 

0.616 

0.618 

0.621 

0.623 

0.625 

0.627 

0.620 

0.631 

0.634 

0.636 

66 

0.668 

0.640 

0.612 

0.645 

0.647 

0.640 

0.651 

0.654 

0.6S6 

0.658 

67 

0.660 

0.663 

0.665 

0.667 

0.670  , 

0.671 

a  674 

0.677 

0.679 

0.681 

68 

0.664 

0.686 

0.688 

0.601 

0.603  , 

0.603 

0.608 

0.700 

0.703 

0.705 

69 

0.707 

0.710 

0.712 

0.715 

0.717  ' 

0.730 

0.722 

0.724 

0.727 

0.780 

70 

0.782 

0.734 

0.737 

0.740 

0.742  , 

0.745 

0.747 

0.750 

0.752 

0.754 

71 

0.757 

0.760 

0.762 

0.765 

0.768 

0.770 

0.773 

0.775 

0.778 

0.7S1 

72 

0.783 

0.786 

0.780 

0.701 

0.704 

0.797 

0.700 

0.8U2 

0.805 

0.807 

78 

0.810 

0.813 

0.816 

0.818 

0.821 

0.824 

0.827 

0.820 

0.832 

0.835 

74 

0.888 

0.841 

0.844 

0.846 

0.S10 

0.852 

0.855 

0.838 

a  861 

0.864 

75 

0.866 

0.860 

0.872 

0.875 

0.878 

0.881 

0.884 

0.887 

0.890 

0.893 

76 

0.896 

0.800 

0.002 

0.005 

0.908 

0.911 

0.014 

0.017 

0.020 

0.023 

77 

0.926 

0.020 

0.082 

0.035 

0.038 

0.041 

0.944 

0.048 

0.051 

0.954 

78 

0.967 

0.060 

0.063 

0.067 

0.070 

0.073 

0.076 

0.079 

0.083 

0.986 

79 

0.989 

0.002 

0.096 

0.000 

1.002 

1.10J 

1.000 

1.012 

1.015 

1.010 

80 

1.022 

1.025 

1.020 

1.032 

1.035 

1.030 

1.042 

1.046 

1.040 

1,052 

81 

1.066 

1.050 

1.068 

1.066 

1.070 

1.073 

1.077 

1.080 

1.084 

1.0S7 

82 

1.091 

1.004 

1.098 

1.101 

1.105 

1.100 

1.112 

1.116 

1.110 

1.123 

88 

1.127 

1.130 

1.134 

1.138 

1.141 

1.145 

1.140 

1.152 

1.156 

1.160 

84 

1.163 

1.167 

1.171 

1.175 

1.170 

1.182 

1.188 

1.100 

1.104 

1.198 

85 

1.202 

1.206 

1.200 

1.213 

1.217 

1.221 

1.225 

1.220 

1.283 

1.237 

86 

1.241 

1.245 

1.240 

1.253 

1.256 

1.260 

1.2C5 

1.260 

1.278 

1.277 

87 

1.281 

1.285 

1.280 

1.293 

1.297 

1.801 

1.306 

1.310 

1.814 

1.318 

88 

1.322 

•    1.826 

1.330 

1.335 

1.330 

1.343 

1.347 

1.852 

1.356 

1.860 

89 

1.364 

1.860 

1.873 

1.377 

1.382 

1.3S6 

1.301 

1.305 

1.800 

1.404 

90 

1.408 

1.418 

1.417 

1.421 

1.426 

1.430 

1.435 

1.439 

1.444 

1.448 

91 

1.453 

1.458 

1.462 

1.467 

1,471 

1.476 

1.481 

1.485 

1.490 

1.404 

92 

1.490 

1.504 

1.508 

1.613 

1.518 

1.523 

1.627 

1.533 

1.537 

1.542 

93 

1.546 

1.651 

1.556 

1.561 

1.566 

1.671 

1.675 

1.580 

1.585 

1.590 

94 

1.595 

1.600 

1.605 

1.610 

1.615 

1.G20 

1.625 

1.630 

1.635 

1.G40 

95 

1.615 

1.650 

1.655 

1.660 

1.665 

1.671 

1.676 

1.681 

1.6m 

1.091 

96 

1.696 

1.702 

1.707 

1.712 

1.717 

1.723 

1.728 

1.733 

1.730 

1.744 

97 

1.749 

1.755 

1.760 

1.765 

1.770 

1.776 

1.782 

1.787 

1.702 

1.798 

98 

1.803 

1.800 

1.814 

1.820 

1.825 

1.831 

1.837 

1.842 

1.848 

1.H53 

99 

1.859 

1.865 

1.870 

1.876 

1.882 

1.887 

1.893 

1.800 

1.005 

1.010 

100 

1.916 

1.022 

1.028 

1.034 

1.039 

1.045 

1.051 

1.057 

1.063 

1.900 

101 

1.975 

1.081 

1.087 

1.093 

1.090 

2.005 

2.011 

2.017 

2.023 

2.  nest 

102 

2.035 

2.041 

2.047 

2.053 

2.050 

2.066 

2.072 

2.078 

2.064 

2.090 

103 

2.097 

2.103 

2.100 

2.116 

2.122 

2.128 

2.135 

2.141 

2.147 

2.151 

104 

2.160 

2.166 

2.178 

2.170 

2.186 

2.102 

2.100 

2.203 

2.212 

2.210 

105 

2.225 

2.232 

2.238 

2.245 

2.252 

2.258 

2.265 

2.272 

2.278 

2.285 

106 

2.292 

2.200 

2.306 

2.312 

2.319 

2.326 

2.333 

2.340 

2.347 

2.C53 

107 

2.360 

2.367 

2,874 

2.381 

2.388 

2.895 

2.402 

2.400 

2.416 

2.423 

108 

2.431 

2.438 

2.445 

2.452 

2.450 

2.466 

2.474 

2.481 

2.488 

2.4r5 

109 

2.503 

2.510 

2.517 

2.525 

2.582 

2.530 

2.647 

2.554 

2.562 

2.5Ca 

110 

2.576 

2.584 

2.501 

2.500 

2.607 

2.614 

2.622 

2.620 

2.637 

2.G45 

111 

2.652 

2.660 

2.668 

2.675 

2.683 

2.601 

2.  GOO 

2.706 

2.714 

2.72S 

112 

2.780 

2.738 

2.746 

2.754 

2.762 

2  760 

2.777 

2.785 

2.708 

2.801 

113 

2.810 

2.818 

2.826 

2.884 

2.842 

2.850 

2.858 

2.866 

2.875 

2.883 

114 

2.801 

2.800 

2.008 

2.016 

2.024 

2.033 

2.0U 

2.060 

2.968 

2.9C6 

115 

3.975 

2.088 

2.002 

3,000 

8.000 

3.017 

3.026 

3.085 

8.048 

3.C52 

116 

8.061 

8.060 

8.078 

3.087 

8.006 

3.104 

8.118 

8.122 

8.131 

8.140 

117 

8.149 

8.157 

&166 

8.175 

8.184 

3.103 

3.202 

8.211 

&220 

8.220 

118 

8.280 

8.248 

&257 

3.266 

8.275 

3.284 

3.204 

8.803 

8.812 

3.321 

119 

8.881 

&840 

8.850 

8.850 

8.866 

3.878 

8.887 

8.807 

> 

8.406 

3.416 
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Table  U.-^Values  of  0.000367  P  (t-^ti)  (l+^g^)^ 

[Arguments:  t^^ri  and  P.] 


Barometric  preisare  P  In  Inches. 

T— Tl 

80.5 

80.0 

29.5 

29.0 

28.5 

28.0 

27.5 

27.0 

26.5 

26.0 

25.6 

25.0 

24.6 

0 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

1 

.011 

.011 

.Oil 

.011 

.010 

.010 

.010 

.010 

.010 

.010 

.009 

.009 

.009 

2 

.022 

.022 

.022 

.021 

.021 

.021 

.020 

.020 

.019 

.010 

.010 

.018 

.018 

3 

.034 

.033 

.083 

.082 

.031 

.081 

.030 

.08i) 

.020 

.029 

.028 

.027 

.028 

4 

.045 

.044 

.048 

.043 

.042 

.041 

.040 

.040 

.039 

.038 

.088 

.087 

.036 

5 

.066 

.055 

.054 

.053 

.052 

.032 

.061 

.060 

.049 

.048 

.047 

'  .046 

.045 

6 

.067 

.066 

.065 

.064 

.063 

.062 

.061 

.060 

.050 

.057 

.056 

.069 

.064 

7 

.079 

.077 

.076 

.075 

.073 

.072 

.071 

.070 

.068 

.067 

.060 

.064 

.063 

8 

.090 

.088 

.067 

.086 

.064 

.063 

.081 

.080 

.078 

.077 

.075 

.074 

.072 

9 

.101 

.009 

.098 

.006 

.005 

.093 

.091 

.090 

.088 

.086 

.065 

.083 

.081 

10 

.113 

.111 

.109 

.107 

.105 

.108 

.102 

.100 

.098 

.096 

.094 

.092 

.090 

11 

.124 

.122 

.120 

.118 

.116 

.114 

.112 

.110 

.108 

.106 

.104 

.102 

.100 

12 

.135 

.133 

.181 

.129 

.126 

.124 

.122 

.120 

.118 

.115 

.113 

.111 

.109 

13 

.147 

.144 

.142 

.140 

.137 

.135 

.182 

.130 

.127 

.125 

.123 

.120 

.118 

14 

.158 

.156 

.153 

.160 

.148 

.145 

.143 

.140 

.137 

.135 

.182 

.130 

.127 

15 

.170 

.167 

.164 

.161 

.168 

.166 

.153 

.160 

.147 

.144 

.142 

.139 

.136 

16 

.181 

.178 

.175 

.172 

.169 

.166 

.168 

.160 

.187 

.154 

.151 

.148 

.145 

17 

.192 

.189 

.186 

.183 

.180 

.177 

.173 

.170 

.167 

.164 

.161 

.168 

.155 

18 

.204 

.200 

.197 

.194 

.190 

.187 

.184 

.180 

.177 

.174 

.170 

.167 

.161 

10 

.215 

.212 

.208 

.206 

.201 

.198 

.194 

.101 

.187 

.183 

.180 

.176 

.173 

20 

.227 

.228 

.219 

.216 

..212 

.208 

.204 

.201 

.197 

.193 

.190 

.186 

.182 

21 

.238 

.284 

.280 

.226 

.223 

.210 

.215 

.211 

.207 

.203 

.199 

.196 

.191 

22 

.250 

.246 

.242 

.287 

.233 

.229 

.225 

.221 

.217 

.213 

.209 

.205 

.201 

23 

.261 

.257 

.258 

.248 

.244 

.240 

.236 

.231 

.227 

.223 

.218 

.214 

.210 

24 

.278 

.268 

.264 

.259 

.255 

.250 

.246 

.241 

.287 

.233 

.228 

.224 

.  21iT 

26 

.284 

.280 

.276 

.270 

.266 

.261 

.256 

.262 

.247 

.242 

.238 

.233 

.228 

26 

.206 

.291 

.286 

.281 

.277 

.272 

.267 

.262 

.257 

.252 

.247 

.243 

.238 

27 

.807 

.302 

.297 

.292 

.287 

.2»2 

.277 

.272 

.267 

.262 

.257 

.252 

.247 

28 

.819 

.814 

.809 

.808 

.298 

.203 

.288 

.282 

.277 

.272 

.267 

.261 

.250 

29 

.831 

.825 

.820 

.814 

.809 

.304 

.238 

.298 

.287 

.282 

.276 

.271 

.2m 

80 

.842 

.837 

.881 

.825 

.820 

.314 

.809 

.303 

.297 

.292 

.286 

.281 

.275 

81 

.854 

.848 

.842 

.836 

.831 

.329 

.819 

.813 

.307 

.302 

.296 

.290 

.284 

88 

.865 

.859 

.354 

.848 

.342 

.336 

.330 

.324 

.818 

.812 

.306 

.800 

.204 

33 

.877 

.871 

.805 

.869 

.352 

.846 

.340 

.834 

.828 

.322 

.815 

.809 

.80:} 

31 

.889 

.882 

.376 

.870 

.863 

.857 

.351 

.844 

.838 

.831 

.825 

.819 

.812 

85 

.401 

.394 

.887 

.381 

.874 

.868 

.361 

.855 

.348 

.341 

.835 

.828 

.822 

86 

.412 

.405 

.899 

.802 

.885 

.878 

.372 

.865 

.856 

.351 

.845 

.888 

.831 

87 

.424 

.417 

.410 

.403 

.896 

.889 

.382 

.875 

.368 

.861 

.854 

.347 

.841 

88 

.436 

.428 

.421 

.414 

.407 

.400 

.893 

.886 

.379 

.871 

.864 

.857 

.850 

89 

.447 

.440 

.433 

.425 

.418 

.411 

.408 

.896 

.389 

.881 

.874 

.867 

.869 

40 

.459 

.452 

.444 

.487 

.429 

.422 

.414 

.406 

.899 

.391 

.384 

.876 

.809 
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Table  II.— Contioued. 


Baiomctrio  pressare  P  in  inches. 

T— Tl 

24.0 

23.5 

23.0 

22.5 

22.0 

21.5 

21.0 

20.5 

20.0 

19.5 

19.0 

18.5 

16.0 

O 

in. 

In, 

In, 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

1 

.009 

.009 

.006 

.008 

.006 

.006 

.008 

.006 

.007 

.007 

.007 

.007 

.(XfT 

2 

.018 

.017 

.017 

.017 

.016 

.016 

.015 

.015 

.015 

.014 

.014 

.014 

.013 

3 

.026 

.026 

.025 

.025 

.024 

.024 

.023 

.023 

.022 

.021 

.021 

.020 

.020 

4 

.085 

.085 

.034 

.033 

.032 

.082 

.081 

.030 

.029 

.029 

.028 

.027 

.026 

5 

.044 

.043 

.012 

.oa 

.010 

.010 

.039 

.038 

.037 

.066 

.083 

.034 

.033 

6 

.063 

.052 

.051 

.060 

.049 

.018 

.046 

.015 

.044 

.043 

.042 

.011 

.040 

7 

t  .062 

.061 

.059 

.058 

.057 

.055 

.054 

.053 

.C62 

.060 

.049 

.048 

.046 

8 

.071 

.069 

.068 

.066 

.065 

.063 

.0(}2 

.060 

.009 

.067 

.066 

.055 

.058 

9 

.080 

.078 

.076 

.075 

.073 

.071 

.070 

.068 

.066 

.064 

.063 

.061 

.060 

10 

.089 

.067 

.085 

.063 

.061 

.079 

.073 

.076 

.074 

.072 

.070 

.068 

.066 

11 

.096 

.096 

.094 

.091 

.069 

.087 

.065 

.063 

.081 

.079 

.077 

.075 

.073 

12 

.107 

.104 

.102 

.100 

.098 

.096 

.093 

.091 

.069 

.086 

.084 

.062 

.060 

13 

.115 

.113 

.111 

.106 

.106 

.108 

.101 

.099 

.096 

.093 

.091 

.089 

.066 

14 

.124 

.122 

.119 

.117 

.114 

.111 

.109 

.106 

.104 

.101 

.098 

.095 

.093 

15 

.183 

.131 

.128 

.125 

.122 

.119 

.117 

.114 

.111 

.106 

.105 

.102 

.100 

16 

.142 

.189 

.136 

.133 

.130 

.128 

.125 

.122 

.119 

.116 

.113 

.110 

.104 

17 

.161 

.148 

.145 

.142 

.139 

.186 

.132 

.129 

.126 

.123 

.120 

.117 

.117 

13 

.160 

.167 

.IM 

.150 

.149 

.144 

.140 

.187 

.134 

.130 

.127 

.124 

.123 

19 

.160 

.166 

.162 

.159 

.155 

.152 

.148 

.145 

.141 

.137 

.134 

.131 

.120 

20 

.178 

.175 

.171 

.167 

.164 

.160 

.156 

.152 

.149 

.144 

.141 

.137 

.187 

21 

.187 

.184 

.180 

.176 

.172 

.168 

.164 

.160 

.156 

.152 

.148 

.144 

.141 

22 

.196 

.192 

.188 

.184 

.180 

.176 

.172 

.168 

.164 

.160 

.156 

.151 

.147 

23 

.206 

.201 

.197 

.198 

.188 

.184 

.180 

.176 

.171 

.167 

.163 

.158 

.154 

24 

.215 

.210 

.206 

.201 

.197 

.192 

.188 

.163 

.179 

.174 

.170 

.165 

.161 

25 

.224 

.219 

.214 

.210 

.205 

.200 

.196 

.191 

.186 

.182 

.177 

.172 

.168 

28 

.238 

.228 

.228 

.218 

.218 

.209 

.204 

.190 

.194 

.189 

.164 

.179 

.175 

27 

.242 

.287 

.232 

.227 

.222 

.217 

.212 

.207 

.202 

.197 

.192 

.186 

.181 

28 

.251 

.246 

.911 

.235 

.290 

.226 

.220 

.214 

.209 

.204 

.199 

.193 

.188 

29 

.260 

.256 

.249 

.244 

.288 

.233 

.228 

.222 

.217 

.211 

.206 

.201 

.195 

30 

.260 

.264 

.258 

.252 

.247 

.241 

.236 

.230 

.224 

.219 

.213 

.208 

.202 

81 

.278 

.273 

.267 

.261 

.255 

.249 

.244 

.238 

.232 

.226 

.220 

.215 

.209 

32 

.288 

.282 

.276 

.270 

.264 

.258 

.252 

.246 

.340 

.284 

.226 

.232 

.216 

S3 

.297 

.291 

.284 

.278 

.272 

.266 

.260 

.253 

.247 

.241 

.285 

.229 

.223 

34 

.306 

.300 

.298 

.287 

.280 

.274 

.268 

.261 

.255 

.249 

.212 

.296 

.229 

85 

.315 

.809 

.302 

.295 

.289 

.262 

.276 

.269 

.263 

.256 

.249 

.243 

.236 

36 

.324 

.818 

.311 

.304 

.297 

.291 

.284 

.277 

.270 

.264 

.257 

.250 

.243 

87 

.884 

.827 

.820 

.813 

.306 

.299 

.292 

.285 

.278 

.i.71 

.264 

.257 

.250 

88 

.843 

.836 

.329 

.321 

.814 

.807 

.800 

.293 

.286 

.279 

.271 

.264 

.257 

89 

.352 

.345 

.837 

.830 

.823 

.815 

.808 

.801 

.293 

.266 

.279 

.271 

.264 

40 

.861 

.854 

.346 

.889 

.831 

.824 

.316 

.809 

.801 

.294 

.286 

.278 

.271 
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Table  lIL^BelaHve  humidity. 
[EzpvMMd  in  hondredtlM.] 


Air 
tamp. 

« 

DepraMion  of  dew-point  (r- 

•4) 

1 

T 

0 

1 

8 

8 

4 

6 

6 

7 

8 

9 

10 

11 

12 

18 

14 

15 

-86 

100 

94 

87 

83 

77 

-82 

100 

94 

88 

88 

79 

74 

69 

65 

61 

-88 

100 

94 

89 

84 

80 

75 

71 

67 

68 

09 

05 

63 

48 

-84 

100 

w 

90 

86 

80 

76 

78 

68 

64 

60 

67 

63 

U 

47 

44 

41 

-80 

100 

90 

90 

85 

80 

76 

78 

68 

64 

61 

57 

03 

61 

48 

46 

43 

-  10 

100 

90 

90 

86 

81 

77 

78 

69 

6B 

63 

68 

85 

62 

40 

47 

44 

-  18 

100 

90 

90 

86 

83 

78 

74 

70 

66 

63 

60 

67 

54 

60 

48 

45 

—  8 

100 

90 

91 

86 

83 

78 

74 

71 

67 

64 

61 

68 

65 

63 

49 

47 

-  4 

100 

90 

91 

87 

88 

79 

75 

71 

68 

65 

62 

08 

66 

68 

60 

48 

0 

100 

96 

91 

87 

88 

79 

75 

72 

60 

65 

63 

59 

66 

64 

51 

49 

+  4 

100 

96 

93 

88 

84 

80 

76 

72 

69 

66 

68 

60 

57 

56 

53 

SO 

8 

100 

96 

98 

88 

81 

80 

76 

78 

70 

66 

68 

61 

68 

A5 

68 

60 

13 

100 

96 

98 

88 

84 

80 

76 

78 

70 

67 

64 

61 

58 

65 

68 

51 

10 

100 

96 

98 

88 

84 

80 

76 

78 

70 

67 

64 

61 

09 

66 

54 

01 

90 

100 

96 

93 

88 

84 

81 

77 

74 

71 

68 

65 

62 

69 

06 

54 

63 

4-  34 

*100 

96 

93 

88 

84 

81 

77 

74 

71 

68 

65 

« 

60 

67 

66 

63 

88 

100 

96 

98 

88 

9, 

S 

78 

75 

73 

68 

65 

63 

60 

67 

66 

58 

83 

100 

96 

93 

89 

85 

79 

76 

73 

60 

66 

68 

61 

68 

66 

54 

86 

100 

96 

98 

80 

85 

83 

79 

76 

78 

09 

66 

64 

63 

09 

67 

54 

40 

100 

96 

S8 

89 

85 

83 

79 

76 

78 

70 

67 

64 

68 

09 

67 

55 

^44 

100 

96 

98 

89 

86 

88 

79 

76 

78 

71 

68 

65 

63 

60 

68 

56 

48 

100 

96 

98 

89 

86 

88 

80 

77 

74 

71 

68 

66 

68 

61 

68 

S« 

83 

100 

96 

W 

89 

86 

88 

80 

77 

74 

71 

68 

66 

94 

61 

69 

67 

86 

100 

96 

98 

90 

86 

88 

80 

T7 

75 

73 

60 

67 

64 

63 

60 

57 

60 

100 

96 

W 

90 

87 

84 

81 

78 

75 

78 

70 

67 

6B 

03 

60 

58 

■+  64 

100 

97 

98 

90 

87 

84 

81 

78 

78 

78 

70 

68 

66 

68 

61 

08 

66 

100 

97 

98 

90 

87 

84 

81 

78 

76 

78 

71 

68 

66 

63 

61 

59 

72 

100 

97 

98 

90 

87 

84 

83 

79 

76 

78 

71 

68 

66 

64 

61 

69 

76 

100 

97 

94 

90 

87 

85 

83 

79 

76 

74 

71 

60 

67 

64 

63 

60 

80 

100 

97 

94 

90 

88 

85 

83 

79 

77 

74 

73 

60 

67 

65 

63 

60 

+  81 

100 

97 

94 

91 

88 

85 

83 

80 

77 

74 

72 

70 

67 

66 

68 

61 

88 

100 

97 

94 

91 

88 

85 

88 

80 

77 

75 

72 

70 

68 

66 

68 

61 

82 

100 

97 

94 

91 

88 

85 

88 

80 

78 

75 

78 

70 

68 

66 

64 

63 

96 

100 

97 

94 

91 

88 

86 

88 

80 

78 

75 

78 

71 

69 

66 

64 

62 

100 

100 

97 

94 

91 

88 

86 

88 

81 

78 

76 

78 

71 

69 

67 

65 

68 

+104 

100 

97 

94 

91 

89 

86 

88 

f\ 

78 

76 

74 

71 

69 

67 

66 

63 

106 

100 

97 

94 

93 

89 

85 

84 

79 

76 

74 

73 

70 

68 

66 

64 

113 

100 

97 

94 

93 

89 

86 

84 

83 

79 

77 

74 

72 

70 

68 

66 

64 

116 

100 

97 

94 

93 

88 

87 

84 

88 

79 

77 

75 

78 

n 

68 

66 

64 

lao 

100 

97 

95 

98 

89 

87 

85 

82 

80 

77 

75 

78 

71 

69 

67 

65 

16  BIG 
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Table  llL—JSelaUte  humidity,^Conimued^ 


Air 

temp. 

• 

Deprenton  of  the  dew-point  ( 

r-8). 

1 

1 

r 

16 

18 

17 

18 

19 

20  1 

21 

22 

23 

24 

26 

28 

27 

28 

29 

80 

~24 

41 

88 

—  ao 

48 

40 

88 

86 

84 

82 

—  16 

44 

41 

40 

87 

85 

88 

81 

29 

27 

20 

—  12 

40 

42 

40 

88 

86 

84 

82 

80 

28 

27 

25 

24 

22 

21 

—  8 

47 

44 

41 

89 

87 

85 

88 

81 

29 

28 

26 

25 

28 

22 

S> 

10 

-    4 

48 

40 

43 

41 

88 

86 

84 

82 

81 

29 

27 

26 

24 

23 

21 

20 

0 

49 

46 

44 

42 

89 

87 

85 

84 

82 

80 

29 

27 

25 

24 

23 

21 

+  4 

00 

47 

45 

42 

40 

88 

86 

85 

88 

81 

80 

28 

27 

25 

24 

22 

8 

00 

48 

45 

43 

41 

89 

87 

85 

84 

82 

80 

20 

28 

20 

26 

28 

12 

61 

48 

46 

44 

42 

40 

88 

86 

84 

82 

81 

29 

28 

26 

25 

23 

'   16 

61 

49 

46 

44 

42 

40 

89 

87 

85 

88 

81 

80 

29 

27 

28 

24 

90 

62 

49 

47 

45 

48 

41 

89 

87 

86 

84 

82 

81 

80 

28 

20 

25 

+  24 

62 

60 

47 

45 

43 

42 

40 

88 

86 

85 

83 

82 

80 

29 

27 

25 

28 

68 

61 

48 

46 

44 

42 

40 

88 

87 

85 

88 

89 

81 

20 

28 

26 

82 

64 

51 

49 

47 

45 

48 

41 

89 

87 

86 

84 

88 

81 

80 

28 

27 

86 

64 

52 

60 

48 

46 

44 

42 

40 

88 

87 

85 

84 

82 

81 

29 

28 

40 

66 

68 

60 

48 

< 

47 

45 

43 

41 

89 

88 

85 

85 

88 

.82 

80 

20 

+  44 

66 

68 

61 

49 

47 

45 

43 

42 

40 

88 

86 

85 

83 

82« 

80 

29 

48 

66 

64 

52 

60 

48 

46 

44 

42 

40 

89 

87 

86 

84 

83 

81 

80 

62 

67 

54 

62 

60 

48 

46 

44 

48 

41 

40 

88 

87 

85 

84 

82 

81 

66 

67 

65 

58 

61 

49 

47 

45 

44 

42 

40 

89 

87 

85 

84 

88 

82 

60 

68 

66 

54 

62 

60 

48 

46 

44 

43 

41 

89 

88 

86  85 

1 

88 

82 

+  64 

68 

66 

64 

52 

60 

48 

47 

45 

43 

42 

40 

89 

87  :  86 

34 

83 

68 

60 

67 

66 

63 

61 

49 

47 

45 

44 

42 

40 

89 

87 

80 

81 

33 

72 

69 

67 

55 

63 

62 

49 

48 

46 

44 

43 

41 

40 

88 

87 

85 

84 

76 

60 

68 

56 

54 

62 

60 

48 

47 

45 

43 

42 

40 

89 

87 

86 

85 

80 

60 

58 

66 

54 

62 

51 

49 

47 

45 

44 

42 

41 

89 

88 

36 

85 

+  84 

61 

69 

67 

66 

63 

61 

49 

48 

40 

44 

43 

42 

40 

89 

87 

85 

88 

61 

60 

57 

56 

53 

52 

50 

48 

47 

45 

43 

42 

40 

89 

87 

86 

02 

62 

60 

58 

66 

54 

52 

60 

49 

47 

46 

44 

43 

41 

40 

88 

87 

06 

02 

00 

58 

66 

65 

63 

51 

49 

48 

46 

49 

44 

42 

40 

89  1  88 

100 

68 

61 

59 

67 

56 

58 

62 

60 

48 

47 

45 

44 

42 

41 

39 

38 

101 

63 

61 

59 

57 

66 

64 

58 

51 

49 

47 

46 

45 

43 

41 

40 

'    89 

106 

64 

03 

60 

58 

66 

64 

58 

51 

49 

48 

46 

45 

48 

42 

40 

89 

112 

61 

68 

60 

58 

57 

66 

54 

52 

60 

48 

47 

46 

44 

43 

41 

40 

116 

64 

63 

61 

60 

57 

65 

64 

52 

60 

49 

43 

47 

45  '  43 

42 

41 

120 

65 

68 

61 

69 

68 

66 

64 

52 

61 

60 

48 

47 

45  44 

1 

42 

41 

1 
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Table  III. — Relative  Aumicft/^— Continued. 


Air 

DeprcMlon  of  dew-point  1 

[r-A] 

1. 

temp. 

1 

T 

80 

33 

1 

89 

42 

49 

48 

91 

94 

97 

60 

68 

66 

69 

72 

78 

—  8 

19 

1 
• 

1 
1 

—  4 

20 

17 

14 

1 

0 

21 

18 

19 

IS 

+  4 

22 

19 

16 

14 

12 

10 

• 

8 

23 

19 

16 

14 

12 

10 

8 

12 

23 

20 

17 

19 

18 

11 

9 

7 

10 

21 

21 

18 

16 

18 

.  11 

9 

8 

7 

6 

90 

29 

23 

19 

16 

14 

12 

10 

8 

7 

6 

8 

+  J4 

25 

22 

19 

16 

14 

12 

10 

9 

7 

6 

6 

4 

28 

26 

23 

20 

17 

19 

13 

11 

0 

8 

7 

6 

9 

4 

82 

27 

24 

21 

18 

16 

14 

12 

10 

8 

7 

6 

9 

4 

8 

86 

28 

24 

21 

16 

16 

14 

12 

10 

9 

7 

6 

8 

4 

4 

40 

29 

26 

22 

19 

17 

19 

18 

11 

9 

7 

6 

9 

4 

4 

+  « 

29 

26 

28 

20 

17 

19 

IS 

11 

9 

8 

7 

6 

9 

9 

Jl 

48 

80 

26 

23 

20 

18 

16 

14 

12 

10 

8 

7 

6 

9 

9 

83 

81 

27 

24 

21 

18 

16 

14 

12 

10 

9 

8 

7 

6 

9 

86 

82 

28 

24 

21 

19 

17 

19 

13 

11 

9 

8 

7 

6 

9 

CO 

82 

28 

28 

22 

19 

17 

19 

13 

11 

10 

9 

8 

7 

6 

+  « 

83 

29 

26 

28 

20 

18 

16 

14 

12 

10 

9 

8 

7 

6 

68 

83 

29 

26 

23 

20 

18 

16 

14 

12 

11 

10 

8 

7 

6 

72 

84 

80 

27 

24 

21 

.19 

17 

19 

18 

11 

10 

8 

7 

6 

76 

89 

81 

28 

29 

22 

19 

17 

1   15 

18 

11 

10 

9 

8 

7 

80 

89 

81 

28 

29 

28 

20 

18 

16 

14 

12 

11 

9 

8 

7 

6 

+  84 

86 

82 

29 

26 

28 

20 

18 

16 

14 

12 

11 

9 

8 

7 

88 

86 

82 

29 

26 

24 

21 

19 

17 

19 

18 

12 

10 

8 

8 

92 

87 

83 

80 

27 

24 

21 

19 

17 

19 

18 

12 

10 

8 

8 

96 

88 

81 

80 

27 

24 

22 

20 

18 

16 

14 

18 

11 

9 

8 

100 

88 

84 

81 

28 

29 

22 

20 

18 

16 

14 

13 

11 

9 

8 

•fl04 

89 

89 

82 

29 

26 

28 

21 

19 

17 

19 

13 

11 

10 

9 

108 

89 

89 

82 

29 

26 

28 

21 

19 

17 

19 

14 

12 

11 

10 

112 

40 

86 

88 

80 

27 

24 

22 

20 

18 

16 

14 

12 

11 

10 

116 

41 

87 

88 

80 

27 

24 

82 

20 

18 

16 

19 

18 

11 

10 

lao 

41 

87 

84 

81 

28 

29 

28 

21 

19 

17 

1ft 

18 

12 

U 

10 
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Table  IV. — Tension  of  a^pieouB  vapor  in  mUlimetm. 


T 

ffi 

!• 

20 

80 

40 

50 

60 

70 

80 

90 

O 

—80 

0.88 

0.85 

0.32 

0.29 

0.26 

0.28 

0.21 

0.19 

0.17 

0.1.5 

—20 

0.94 

0.87 

0.79 

0.78 

0.06 

0.61 

0.55 

0.50 

a46 

0.42 

—10 

2.18 

1.99 

1.84 

1.69 

1.56 

1.44 

1.32 

1.22 

1.12 

1.0.; 

—  0 

4.67 

4.25 

8.90 

8.67 

8.41 

&16 

2.93 

2.72 

2.51 

2.38 

00.0 

00.1 

00.2 

0O.8 

00.4 

00.5 

00.6 

00.7 

00.8 

•p 

00.9 

0 

4.67 

4.60 

4.63 

4.67 

4.70 

4.74 

4.77 

4.80 

4.84 

4.87 

1 

4.91 

4.94 

4.98 

5.02 

5.05 

5.09 

5.12 

5.16 

5.20 

5.23 

2 

6.27 

5.81 

5.85 

5.39 

5.42 

5.46 

5.60 

5.54 

5.58 

5.62 

8 

5.66 

5.70 

5.74 

5.78 

5.82 

5.86 

5.90 

5.94 

5.98 

6.08 

4 

6.07 

6.11 

6.15 

6.80 

6.24 

6.28 

0.88 

6.37 

6.42 

6.45 

6 

6.61 

6.55 

6.60 

6.64 

6.69 

6.74 

6.78 

6.88 

6.88 

&92 

4 

6,97 

7.02 

7.07 

7.12 

7.17 

7.21 

7.26 

7.81 

7.86 

7.42 

7 

7.47 

7.62 

7.67 

7.02 

7.67 

7.72 

7.78 

7.88 

7.88 

7.94 

8 

7.99 

8.05 

8.10 

8.15 

8.21 

8.27 

&82 

8.88 

&43 

8.4» 

8 

8.66 

&61 

8.66 

&72 

8.78 

8.84 

8.90 

8.96 

9.08 

9.08 

10 

9.14 

9.20 

9.26 

9.82 

9.89 

9.45 

9.51 

9.67 

0.64 

9.70 

11 

9.T7 

9.88 

9.90 

9.96 

10.06 

iao9 

10.16 

10.28 

10.80 

ia86 

18 

10.48 

10.50 

10.57 

10.64 

10.71 

10.78 

10.85 

iao8 

laoo 

11.06 

18 

11.14 

11.21 

11.28 

11.86 

11.48 

11.90 

11.68 

11.65 

1178 

U.81 

14 

11.88 

12.96 

12.04 

12.12 

12.19 

12.27 

12.85 

12.48 

12.51 

12. 6» 

18 

12.  «r 

12.76 

12.84 

12.92 

18.00 

18.09 

18.17 

18.96 

18.84 

13.42 

16 

13.61 

18.60 

18.68 

18.77 

18.86 

18.95 

14.04 

14.12 

14.21 

14.80 

17 

14.89 

14.49 

14.68 

14.67 

14.76 

14.85 

14.95 

15.04 

15.14 

15.23 

18 

16.88 

15.48 

15.68 

15.68 

15.72 

15.82 

15.92 

16.02 

16.12 

16.22 

19 

16.82 

16.42 

16.52 

16.68 

16.78 

16.88 

16.94 

17.04 

17.15 

17.26 

20 

17.86 

17.47 

17.58 

17.69 

17.80 

17.91 

18.02 

18.18 

18.24 

18.85 

21 

18.47 

1&58 

18.69 

18.81 

18.02 

19.04 

19.16 

19.27 

19.89 

19.51 

22 

19.68 

19.75 

19.87 

19.99 

20.11 

20.24 

80.86 

20.48 

20.61 

20.73 

28 

20.86 

20.98 

21.11 

21.24 

21.87 

21.50 

21.68 

21.76 

21.89 

22.02 

24 

22.16 

22.29 

22.42 

22.56 

22.69 

22.88 

22.96 

23.10 

28.24 

23.88 

25 

28.62 

28.66 

23.80 

28.94 

24.08 

24.28 

24.87 

24.58 

24.66 

24.81 

86 

24.96 

25.10 

25.25 

25.40 

25.55 

25.70 

25.86 

26.01 

26.16 

26.83 

27 

26.47 

26.68 

26.78 

26.94 

27.10 

27.26 

27.42 

27.58 

27.74 

27.90 

28 

28.07 

28.28 

28.89 

28.56 

28.78 

28.89 

29.06 

29.28 

29.40 

29.57 

29 

29.74 

29.92 

80.09 

80.26 

80.44 

80.62 

80.79 

80.97 

81.15 

31.3  J 

80 

81.61 

81.69 

81.87 

82.06 

82.24 

82.48 

82.61 

82.80 

82.99 

3^18 

81 

83.87 

83.56 

83.75 

83.94 

84.44 

84.88 

84.53 

84.72 

84.92 

85.12 

32 

85.32 

85.52 

85.72 

85.92 

86.13 

86.83 

86.54 

86.74 

86.95 

87.18 

83 

87.87 

87.58 

87.79 

88.00 

88.22 

88.43 

38.65 

88.87 

89.08 

39.30 

M 

89.52 

39.74 

39.97 

40.19 

40.41 

40.64 

40.87 

41.09 

41.32 

41.55 

85 

41.78 

42.02 

42.25 

42.48 

42.72 

42.96 

43.19 

43,48 

43.67 

43.92 

86 

44.16 

44.40 

44.65 

44.89 

45.14 

45.89 

45.64 

45.89 

46.14 

46.39 

87 

46.65 

46.90 

47.16 

47.42 

47.68 

47.04 

48.20 

48.46 

48.73 

48.99 

88 

49.26 

49.58 

49.80 

50.07 

50.84 

50.61 

60.89 

51.16 

51.41 

51.  T2 

89 

52.00 

52.28 

52.56 

52.84 

58.13 

53.41 

63.70 

53.99 

54.28 

54  57 

40 

54.87 

55.16 

55  45 

55.75 

56.05 

56.85 

56.65 

56.95 

57.26 

57.56 

41 

57.87 

58.18 

68.49 

58.80 

59.11 

59.48 

59.74 

60.06 

60.88 

63.70 

42 

61.08 

61.84 

61.66 

61.99 

62.82 

62.64 

62.98 

63.81 

68.64 

68.97 

48 

61.81 

64.65 

64.99 

65.88 

65.67 

66.01 

66.86 

66.71 

67.05 

67.40 

U 

87.76 

68.U 

68.46 

68.82 

69.18 

69.54 

69.90 

70.26 

70.68 

70.99 
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[ArgamenU :  (r-^  and  P.] 


Barometrio  pra»ai«,  P,  In  millimetert. 

7T0 

760 

700 

740 

730 

720 

710 

700 

690 

680 

670 

660 

600 

610 

680 

880 

0 

1 

0.82 

0.51 

0.60 

0.50 

0.49 

0.48 

0.48 

a  47 

a  46 

0.46 

a45 

a  44 

a44 

a48  a42  a43 

2 

1.03 

1.0L 

1.00 

0.96 

0.97 

0.96 

0.94 

0.98 

a93 

0.90 

0.89 

a  88 

0.87 

ass 

a84 

a82 

3 

1.54 

1.52 

1.49 

1.47 

1.45 

1.43 

1.41 

1.89 

1.87 

1.85 

1.83 

1.82 

1.80 

1.28 

1.26 

1.24 

4 

2.04 

2.03 

1.99 

1.97 

1.94 

1.91 

1.89 

1.86 

1.83 

1.81 

1.78 

1.75 

1.7S 

1.70 

1.67 

1.60 

5 

2.80 

2.63 

2.48 

2.46 

2.43 

2.89 

2.86 

a83 

2.29 

a86 

a23 

ai9 

ai7 

a  13  aoo 

aoo 

« 

8.07 

ao8 

Z99 

2.99 

2.91 

2.87 

2.88 

2.79 

a75 

a  71 

a67 

a  68 

a50 

a  65  a  61 

a47 

7 

8.50 

8.54 

8.00 

8.45 

8.40 

8.86 

8.81 

a26 

a  22 

an 

a  12 

ao8 

aoi 

a99  a94 

a  89 

8 

4.11 

4.05 

4.00 

8.9.3 

8.80 

8.84 

8.79 

a  78 

a  68 

a63 

a58 

a63 

a  48 

8.43  a  86 

a  81 

9 

4.63 

4. 56 

4.50 

4.44 

4.88 

4.82 

4.27 

4.21 

4.16 

4.09 

4.08 

a97 

a  91 

ass  a79 

a  78 

10 

0.15 

5.08 

0.01 

4.94 

4.88 

4.81 

4.74 

4.68 

4.61 

4.54 

4.47 

4.41 

4.80 

4.28  4.21 

4.U 

11 

5.60 

5.50 

5.61 

5.44 

5.87 

5.80 

5.22 

a  15 

aa8 

6.00 

4.98 

4.86 

4.79 
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APPENDIX    25. 

SEPOBT  OF  JUNIOR  PROFESSOR  m  A.   BAZEN,   SIGNAL  SERVICE,   ON 

THUNDER-STORMS. 

Study  Room,  Signal  OFFiCiC,  November  11, 1885b 

Sib:  In  aooordaDoe  with  your  note  npon  my  paper,  entitled  "  Thonder-stonnBof  1884,'' 
I  have  carefally  combined  into  mean  maps  the  varioas  charts  in  my  former  paper.  The 
charts  were  originally  intended  to  show  that  precisely  the  same  effects  were  to  be  noted 
in  different  series  as  well  as  in  a  i^eneral  mean,  which  frequently  hides  the  very  qoan- 
tity  we  seek,  but  in  the  present  instance  there  will  be  no  loss  by  the  condensation  since 
it  exhibits  the  same  resnltas  the  individaal  maps.  I  have  added  tables  which  will  lia- 
ble any  one  w  ho  so  chooses  to  project  all  the  individual  maps.  I  have  had  the  piq^r  re- 
written, so  that  any  one  desiring  to  stndy  the  original  manuscript  and  maps  can  do  sow 
Very  respectfully, 

H.  A.  HAZEN. 

The  Chief  Signal  Offices  of  the  Abmt. 


THUNDEB-8T0BM8  OF  1884. 

A  systematic  observation  of  thunder-storms  in  this  country  was  begun  by  the  Smith- 
sonian Institution  in  1849.  These  observations  were  kept  up  until  1873,  when  the  work  was 
given  to  the  Signal  Office,  which  had  begun  observations  at  its  stations  in  1871 .  In  Janu- 
ary, 1884,  after  a  conference  with  the  Postmaster-General,  it  was  decided  to  undertake 
a  more  detailed  study  of  these  storms.  The  accompanying  circular  and  card  were  sent 
to  the  poet-offices  40  miles  apart  north  of  35°  north  latitude  and  east  of  the  one  hun- 
dred and  second  meridian  from  Greenwich.  For  a  still  more  detailed  study,  cards  were 
sent  to  post-offices  10  miles  apart  in  Illinois  and  Indiana,  and  within  150  miles  in  all 
directions  from  Washington. 

[Circular  No.  4.1 

Signal  Office,  Wab  Depabtment, 

Watihingion,  March  1,  1884. 

It  is  desired  that  during  the  summer  of  1684  a  few  simple  facts  be  collected  relating 
to  the  important  subject  of  thunder-storms.  To  this  end  post-offices  and  other  oenteis 
have  been  selected,  over  a  limited  extent  of  country,  at  distances  of  about  1 0  mUea.  £adi 
station,  it  will  be  readily  seen,  forms  an  important  point  in  the  net-work  of  stations,  and 
by  a  comparison  of  these  observations  it  is  hoped  that  valuable  acquisitions  may  be  made 
to  our  knowledge  of  these  frequent  accompaniments  of  tornadoes.  Each  thunder-storm 
should  have  some  note  made  of  it,  in  order  that  there  may  be  no  gap  in  any  region. 

The  following  instructions  are  given  for  guidance  in  making  observations.  Each  card 
will  have  sufficient  space  for  five  storms.  Give  town,  county,  State,  time  (whether 
'* mountain,''  '* central,''  '* eastern,"  or  some  city),  and  name  of  observer. 

Thunder-storms  twelve  hours  apart  may  be  taken  as  separate  storms. 
.  Upon  the  occurrence  of  thunder  give,  in  the  appropriate  spaces,  month  and  day,  and, 
as  near  as  possible,  the  time  of  first  and  last  thunder  connected  with  the  storm.    Fre- 
quently after  a  storm  has  passed  there  will  be  muttering  of  thunder,  but  care  should  be 
taken  to,  as  iar  as  may  be,  watch  the  single  storm. 

Give  the  direction  from  which  the  storm  appears  to  be  coming,  as  shown  by  threaten- 
ing sky,  lightning  flashes,  or  thunder  peals.    Also,  the  direction  towards  which  it  gtes. 

Give  time  of  beginning  and  ending  of  rain,  with  amount,  if  possible. 

If  the  rain  continues  rather  heavy  more  than  two  hours  after  the  loudest  thunder  has 
passed,  it  may  be  marked  **  more  than  two  hours." 

The  amount  of  rain  can  be  measured,  with  a  common  rule,  after  it  has  been  caught  in 
a  pail  or  empty  tomato  can  with  vertical  sides. 
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All  obeervatioiis  of  hail,  size  of  stones,  &c,  are  very  important. 

Give  directions  and  force  of  wind  before  and  after  the  thunder-storm;  for  the  force 
adopt  the  scale,  calm,  light,  moderate,  brisk,  high,  very  high,  hurricane  or  tornado. 

If  you  have  a  thermometer,  give  the  shade  tempierature,  or  temperature  on  the  north 
side  of  house,  a  little  before  the  storm  reaches  the  station  as  well  as  after  it  has  passed. 

Note,  also,  if  on  any  day  heat-lightning  is  seen,  the  date,  time  of  appearance,  and 
direction. 

If  there  is  not  time  for  a  AiU  report,  give  date  and  time  of  severest  part  of  thunder- 
storm. Please  do  not  &il  to  make  some  note  of  eveiy  distinct  thunder-storm  that  passes 
over  or  within  ear-shot  of  the  station. 

Observations  should  begin  immediately  upon  the  receipt  of  the  cards. 

Please  return  one  of  Ihese  cards  on  July  1  and  another  on  September  1,  even  if  there 
is  no  record  other  than  town,  county,  State,  and  name. 

This  circular  is  issued  with  the  sanction  of  the  Postmaster-General. 

If  yon  know  some  one  in  your  immediate  neighborhood  who  takes  an  interest  in  me- 
teorology and  would  be  willing  to  report,  you  are  at  liberty  to  hand  these  cards  to  him. 

W.  B.  HAZEN, 
Brig,  and  Bvt,  Mqj,  Gen'l,  Chief  Signal  Officer,  U.  S.  A. 

[Form  160-1885.] 
THUNDEB-BTOBMS. 


[Date  collected  by  co-opentUon  of  Poct-Offlce  and  War  Depaxtmentt.] 

Town Ck>anty 

State - Kind  of  time  used 


a>ate  (month  and  day) 


First  heard, 
niander •  Loadest 


Direction ....- 


Last  heard 

( Coming  firom ... 


(Going  towards....... 

Began 

Bain <  Ended 

Amount 

I  Began 
Ended 
Amount 

{Direction. 
Force 

( Direction. 
After. ..< 

(Force 


Wind. 


Scale 


Distent  lightning. 


Remarks 


-,  06s<rrsr. 


Only  two  cards  left.    Make  ( 
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Several  iDteresting  storms  havlDg  occurrred  in- May,  a  paper  was  written  upon  tbem 
and  presented  to  the  American  Association  for  the  Advancement  of  Science,  at  its  Phila- 
delphia meeting  in  September,  1884;  it  was  afterwards  published  as  Signal  Service  Note 
No.  XX.  A  further  stndy  of  the  records  of  separate  storms  for  lOSi^  of  which  more 
than  thirteen  thousand  were  filed,  has  developed  the  facts  presented  herewith. 


THUNDEB-STOBMS  AND  TEMPEBATUBE. 

AH-  the  records  were  grouped  by  each  day  from  May  1  to  October  31,  and  their  fre- 
quency for  each  day  is  shown  in  Table  I;  there  is  blso  shown  in  the  same  table  the  mean 
temperature  met  the  whole  region  of  observation.  The  method  of  obtaining  this  mean 
temperature  was  as  follows:  A  plate  of  glass  covering  the  whole  region  had  drawn  upon 
it  squares  of  2^.6  east  and  west  as  well  as  north  and  south;  this  plate  was  laid  upon 
the  daily  maps  in  succession  and  the  temperature  of  each  square  obtained  from  the 
isotherms.  The  mean  temperature  of  all  the  squares  gave  that  of  the  whole  country. 
If  the  figures  be  projected  graphically  a  remarkable  coincidence  will  be  found,  a  maxi- 
mum of  storms  occurring  usually  a  little  later  than  that  of  temperature.  In  order  to 
eliminate  the  effect  of  seasonal  change  on  the  temperature  and  also  to  smooth  out  the 
great  irregularities,  Table  II  has  been  prepared  in  the  following  manner:  First,  the  de- 
parture from  the  monthly  mean  number  of  storms  for  each  day  was  prepared,  as  well  as 
for  temperature;  next  a  five-day  mean  was  taken  for  both  storms  and  temperature  from 
these  figures. 

Table  I. — Number  of  thunderstorms  and  mean  air  temperature  for  the  region  of  obserreh- 

tion  from  May  to  October,  1884. 
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Table  II. — Departure  from  mean  monthly  values  of  storm  frequency  and  mean  temperature^ 

toith  5-dffy  means  of  same. 
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7.9 

25 

—2.8 

—26 

-  .2 

-43 

—5.0 

42 

4.8 

11 

—45 

-4.2 

36 

.5 

-51 

-4.5 

86 

1.3 

—  4 

-4.0 

-17 

—  .8 

-50 

-3.1 

24 

1.2 

12 

—34 

.5 

20 

1.5 

—64 

.2 

—26 

-6.1 

—35 

-4.8 

—19 

-1.4 

-49 

-1.3 

4 

-1.5 

13 

—23 

-3.2 

—  7 

-3.2 

—61 

1.5 

—34 

-4.9 

—14 

—8.2 

-11 

Ul.8 

—47 

.7 

—13 

—  .1 

14 

—68 

—4.2 

— f5 

-4.5 

—48 

2.2 

—36 

-5.7 

—48 

-2.5 

—35 

—2.8 

—43 

2.7 

—26 

—  .8 

15 

-^l 

-4.6 

—40 

-3.5 

-11 

8.9 

—  7 

—  .1 

—44 

—2.0 

—58 

—3.6 

—37 

3.5 

—20 

—  .2 

IC 

—63 

—  .6 

—82 

—4.2 

—38 

5.5 

—26 

—2.4 

-37 

—  .8 

-61 

—3.3 

—27 

4.5 

—24 

—  .6 

17 

—15 

2.4 

—91 

—2,5 

—31 

4.5 

—26 

-2.7 

—10 

.7 

—60 

-2.8 

—20 

5.8 

-53 

—  .8 

18 

11 

3.1 

—53 

—1,8 

—13 

6.2 

—26 

L^.l 

6 

2.0 

—70 

—2.9 

—  8 

u 

—24 

—2.6 

19 

80 

8.4 

-31 

—2,2 

—19 

8.9 

—30 

—6.7 

82 

3.9 

—60 

—2.6 

88 

—18 

-3.9 

20 

/    16 

4.8 

-88 

-3.8 

47 

8.9 

-13 

-8.4 

44 

4.8 

-65 

-1.6 

67 

5.3 

—  6 

8.8 

21 

70 

5.8 

—62 

-2.5 

196 

3.5 

7 

-9.7 

46 

5.7 

-27 

.3 

67 

3.2 

5 

-2.8 

22 

43 

7.1 

-42 

2.8 

114 

— l.l 

85 

—2.1 

54 

68 

24 

2.2 

61 

.7 

6 

1.1 

23 

20 

7.4 

88 

7.2 

-14 

—4.1 

28 

.8 

72 

6.7 

65 

3.4 

44 

-1.8 

2 

.0 

24 

122 

&8 

227 

7.5 

—36 

—3.5 

—26 

—  .4 

47 

4.3 

96 

4.4 

1 

-2.7 

-I 

1.8 

23 

103 

4.4 

118 

2.2 

-89 

-3.8 

-36 

-3.1 

26 

2.4 

109 

4.4 

• 

-27 

-2.9 

—3 

2.1 

26 

-iH 

-6,2 

92 

2.2 

—18 

—1.1 

—  4 

—3.4 

—  8 

1.4 

97 

2.9 

-19 

-1.7 

—3 

2.8 

27 

*— 65 

—2.2 

22 

2.8 

—29 

—1.8 

23 

1.9 

-27 

.8 

51 

1.4 

2 

—  .7 

—I 

2,7 

23 

—67 

8.1 

24 

—  .2 

29 

1.5 

20 

8.0 

—48 

.6 

25 

1.1 

27 

—  .4 

10 

2.9 

29 

-54 

8.4 

—  1 

.2 

65 

1.5 

—15 

-.7 

-35 

2.7 

14 

.8 

20 

-.8 

•  >ai^»M«« 

•• ••••••• 

30 

—  5 

5.8 

-11 

.5 

90 

-2.1 

19 

-2.1 

—11 

3.6 

16 

.4 

19 

—  .7 

■  ••«•••• 

31 

.6 

—54 

—3.1 

4 

1.4 

9 

-1.0 

•  *■•*••• 



• ! ! 

In  order  to  present  the  facts  developed  in  an  easy  form  for  comprehension,  Fig.  1  has 
been  prepared  showing  the  five-day  mean  of  stoxm  frequency  aod  mean  temperatnre 
fiactnations.  These  cnrves  exhibit  a  remarkable  nniformity  and  show  clearly  an  inter- 
dependence  between  high  temperature  and  a  relatively  large  number  of  thunder-storms. 
The  maximum  points  in  the  temperatnre  curve  seem  to  precede  the  same  in  the  storm 
frequency  by  one  or  two  days  (Fig.  1).  In  order  to  study  this  question  more  closely, 
there  were  selected  out  thirty  days  in  May,  June,  July,  and  August  having  tho  greatest 
number  of  storms  in  each  day,  and  in  like  manner  thirty  days  having  the  least  number. 
Taking  groups  of  ten  days  each,  the  mean  temperature  for  each  group  {torn  the  Signal 
Service  observations  was  obtained,  and  in  like  manner  for  each  lO-day  group  of  few 
storms.    These  lesults  are  embodied  in  Table  III. 
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Table  III.^ifMii  lO-^ajf  iemperoiurea  at  tdeeled  atatiofu. 


Boston 

Eastport ».... 

Albany 

New  York  aty.... 

Norfolk 

Philadelphia 

Washington  City ... 

AuffuatA 

Jackflonville 

Montgomery 

New  Orleans. 

Fort  Smith 

IndlMiola 

Shreveport. 

Cincinnati  • m 

Memphis.  M»M« ......  ••• 

Pittsburg.. 

Bollklo 

Cleveland 

Oswego 

AlpenA........ 

Dulath.. 

Davenport. 

Saint  Louis 

Baint  Paul.  .•..«••■.«•.. 
lieavenworth......... 

Omaha 

Vankton « 

Bismarck 

Saint  Vincents. 


Days  of  storms. 

7.00. 

10.00. 

Mean. 

First 

Second 

First 

Second 

set. 

seU 

set. 

set. 

09 

68 

72 

77 

72 

09 

60 

62 

66 

62 

71 

71 

80 

80 

76 

71 

73 

76 

80 

70 

77 

76 

82 

87 

80 

71 

72 

79 

84 

76 

74 

72 

84 

86 

79 

75 

74 

84 

87 

80 

80 

78 

88 

88 

82 

76 

74 

88 

87 

81 

81 

80 

84 

87 

83 

75 

70 

79 

91 

79 

80 

78 

82 

89 

82 

80 

76 

81 

[89] 

.  82 

77 

78 

77 

87 

78 

79 

76 

81 

92 

82 

72 

60 

80 

83 

76 

60 

60 

68 

70 

68 

70 

68 

78 

70 

72 

66 

60 

78 

71 

71 

68 

62 

09 

[62] 

60 

M 

60 

03 

09 

68 

70 

67 

71 

78 

71 

74 

72 

77 

80 

80 

60 

64 

70 

79 

70 

78 

69 

79 

87 

76 

70 

61 

72 

81 

72 

64 

63 

78 

80 

70 

08 

54 

70 

78 

64 

06 

02 

69 

70 

62 

Days  of  few  storms. 


7.00. 

10.00. 

First 

Second 

First 

Second 

set. 

set 

set. 

set. 

68 

64 

08 

72 

06 

02 

04 

63 

60 

60 

64 

74 

60 

66 

64 

75 

72 

72 

70 

78 

66 

60 

60 

75 

66 

66 

68 

79 

76 

72 

80 

86 

79 

70 

81 

87 

76 

60 

80 

87 

82 

77 

79 

90 

73 

67 

78 

89 

7* 

78 

80 

89 

78 

68 

79 

93 

67 

60 

TO 

80 

73 

70 

74 

85 

61 

60 

68 

78 

74 

60 

08 

60 

64 

61 

61 

69 

04 

61 

05 

63 

00 

67 

05 

60 

60 

61 

08 

63 

(J 

64 

69 

76 

70 

67 

68 

80 

61 

63 

73 

78 

70 

60 

71 

84 

68 

60 

:% 

82 

63 

61 

70 

84 

60 

63 

74 

71 

04 

08 

70 

70 

Mean. 


64 
05 

67 
68 
78 
68 
70 
7ft 
80 
78 
86 
77 
82 
80 
70 
76 
68 
64 
64 
08 
08 
68 
68 
71 
68 
76 
72 
71 
€S 
63 


Each  set  of  10  days  was  projected  upon  separate  charts  for  study,  bnt,  for  the  purpose 
of  this  paper,  it  has  been  deemed  snfficient  to  give  only  the  means  for  30  days.  (See  the 
dotted  curves  on  Figures  2  and  3.)  A  careful  study  of  these  curves  shows  somewhat 
higher  temperatures  on  days  of  many  storms  than  on  days  of  few  storms,  as  has  already 
been  shown.  These  contrasts  would  have  been  somewhat  greater  if  the  day  before  that 
of  the  greatest  number  of  storms  had  been  selected  as  already  shown  in  Fig.  1.  There 
seems  to  be  no  marked  increase  in  temperature  toward  the  south,  or,  in  other  woids, 
there  are  no  great  contrasts  of  temperature  from  north  to  south,  but  rather  a  uniform  in- 
crease over  the  whole  region. 

THUNDEB-8T0BMS  AND  BELATIVE  HUMIDITT. 

In  the  same  way  as  with  tne  temperature  above,  the  relative  humidity  was  computed  for 
each  10  days  and  projected  upon  maps.  The  results  show  only  a  slight  difference  for 
days  of  storms  as  compared  with  days  of  few  storms.  The  dew-point  temperatures  for  20 
days  and  at  1^  have  been  selected  out  in  the  same  manner  and  are  given  in  T&ble  IV. 
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TabLS  rV. — Mean  lO^ay  deuhpoint  at  selected  stations. 


• 

Days  of  stoniis. 

Days  of  few  storms. 

Pint 
■et. 

Second 
set. 

Mean. 

First 
set. 

Second 
set. 

Mean. 

68 
49 
67 
53 
68 
71 
64 
94 
60 
63 
67 
69 
78 
69 
60 
61 
60 
68 
66 
68 
49 
48 
68 
69 
67 
64 
68 
61 
60 
00 

64 
64 
68 
66 
73 
78 
71 
72 
73 
71 
71 
70 
75 
T2 
66 
78 
64 

60 
61 
63 
67 
72 
64 
67 
68 
64 
66 
61 

61 
52 
60 
70 
68 
73 
68 
88 
71 
67 
69 
64 
74 
70 
63 
67 
68 
66 
69 
69 
60 
48 
62 
66 
60 
60 
68 
68 
63 
66 

44 

88 
39 
46 
62 
62 
60 
68 
64 
61 
64 
66 
68 
67 
51 
69 
48 
40 
44 
41 
88 
40 
49 
54 
66 
48 
64 
60 

62^ 

66 
66 

49 
68 
64 
60 
68 
67 
74 
68 
73 
71 
76 
78 
61 
70 
60 
62 
60 
64 
46 
68 
66 
66 
68 
66 
67 
66 
68 
69 

00 

Esstport 

Albany 

46 
44 

X^CWT  XOftK  ^^(y»« ••••••••■•••••••••••••■••«•••••••••■••••  •»•••• 

Norfolk .•••«• ••« «• •••  •>••••  ••••••.».•. 

49 
58 
66 

Wftiihlnirton  City .................i.-.Tt.....^rTT.T.i 

61 

AngUBta .......M 

62 

MOntffDnM^rV t t.-r««.-TT-TTrr- 

6» 
64 

New  Orleans 

68 

Fort  Smith ../.  

Indianola 

64 
72 

Shreveport 

70 

Cinoinnati 

61 

Memphis. 

Pittsburg. 

BafTalo 

64 
49 
4ft 

Cleveland „ 

47 

Oswego 

Alpena 

4S 
42 

Duluth..... 

4» 

Davenport 

62 

Saint  Louis 

6a 

Saint  Paul 

60 

67 

60 

68 

Bisraarck 

66 

Saint  Vinoent. « 

66 

These  were  also  pn^ected  npoo  chartB  and  studied.  The  results  showed  a  normal  ooib- 
dition  of  the  dew-point  and  vapor-tension  during  both  classes  of  days  with  and  without 
storma  The  charts  have  not  been  reproduced  in  this  publication,  but  they  nay  he  readily 
made  from  the  table.  It  will  be  found  that  the  dew-points  have  a  little  higher  tendency 
on  storm  days,  but  it  should  be  noted  that  this  is  due  to  the  higher  air  temperature  o& 
those  days.  These  computations  show  that  the  moisture  contents  of  the  air  jnst  before 
the  approach  of  a  thunder-storm  are  but  little  changed.  This  rather  surprising  result 
has  been  noted  in  individual  observations;  very  frequently  the  sling  psychrometer  has 
exhibited  no  change  in  hnmidity  as  the  storm  came  np;  sometimes  by  swinging  under 
an  umbrella  it  has  been  possible  to  determine  this  even  after  rain  has  begun  falling. 
The  same  data  regarding  the  weather  were  also  prepared,  showing  no  mark^  contrasts 
between  days  of  storms  and  few  storms. 

THUITDEB-STOBMS  AND  AIR  PBESSUBE.  ' 

The  mean  7  a.  m.  air-pressure  in  groups  of  10  days  was  determined  as  in  the  previous 
cases  and  is  exhibited  in  Table  Y, 


i 
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Tablb  V. — Mean  10  days'  airpreuure  at  adeekd  iiaiions. 


Daysof  stoniu. 

Days  of  few  atorma. 

First 

Second 

Thifd 

First 

Seoood 

Third 

set. 

set. 

Mean. 

set. 

set. 

set. 

Mean. 

.90 

.85 

.04 

.99 

.10 

.87 

.08 

.02 

JSABvPOkV*  ••••••••  ••••••  ••«•••«•••••••••••••«•••••• 

.86 

.82 

.38 

.90 

.08 

.75 

.07 

.96 

^^iDiiliy*  *•••••  ••••••••••••••••••  ••«•••  •••••«  •••••• 

.87 

.88 

.08 

.91 

.11 

.86 

.11 

.08 

.93 

.87 

.04 

.94 

.U 

.92 

.10 

.06 

iW OriOlK  ••«■•  ••••••  ••••••  ••••••••••••••••••«  ••••• 

.98 

.92 

.07 

.97 

.12 

.97 

.06 

.05 

Philadelphia .» 

.93 

.87 

.04 

.94 

.13 

.95 

.09 

.06 

Washinrton  Citj 

.93 

.87 

.04 

.94 

.18 

.97 

.09 

.06 

Aug^usta M 

JacfktonTille 

.96 

.86 

.09 

.97 

.08 

.98 

.07 

.04 

.96 
.98 

.99 

.96 

.08 
.06 

.01 
.99 

.08 
.01 

.96 
[.97] 

.99 

.04 

.99 

Montgonicry  •«.••«.  •••••mm»««««««m»»*»>»**«« 

.01 

^1  v^v  \/ricADv» «•••»»•••«•••••••«•••••••••••••*•• 

.94 

.98 

.04 

.90 

.97 

.98 

.90 

.98 

.92 

.88 

.04 

.95 

.01 

.96 

.08 

.00 

BuOiBilOIA  •••••••••••••  ••••••  •••«•••••••••«••«»••• 

.91 

.97 

.00 

.96 

.97 

.99 

-97 

.98 

Shreveport 

.91 

.95 

.05 

.97 

.01 

.99 

.00 

.08 

Cincinnati 

.88 

.86 

.08 

.92 

.11 

.08 

.10 

.08 

Memphis 

.93 

.91 

.04 

.96 

.07 

.01 

.08 

.04 

Piitoburg. «.. 

.77 

.88 

.96 

.86 

.10 

.96 

.06 

.05 

•'UUVUv  •«•••••*■■•■  •■••••••••••••   ••••••••  ••••••••• 

.86 

.83 

.91 

.87 

.11 

.96 

.06 

.05 

•Clereland ..«.. 

.85 

.83 

.95 

.88 

.12 

.03 

.08 

.08 

\/B^vVKw  ••••••  ••••••••  •••••A  •••••••••••••«••••  •••••• 

.88 

.84 

.99 

.88 

.15 

.94 

.10 

.06 

*»•  §W5«*«  *■••••  ••••••*••••••••■*•••••••••••••••  ••••■« 

.86 

.78 

.86 

.82 

.13 

.01 

.01 

.05 

A/UlUMl*  ••«•••  ••••••«■••••«»••■•»•  ••••••••»•••••■•*• 

.98 

.85 

.83 

.87 

.07 

.99 

.98 

.01 

.84 

.83 

.91 

.86 

.11 

.03 

.08 

.06 

^9^1  uv  JIjOU18 #■•••,«•••••••«••••« ••••••  ••••«•■••••' 

.86 

.86 

.99 

.90 

.10 

.08 

.06 

.07 

ftakintPaal 

.82 

.88 

•  86 

.84 

.07 

.01 

.97 

.08 

Leavenworth 

.88 
.89 

.86 
.97 

.96 
.97 

.90 
.91 

.08 
.10 

.97 
.96 

.00 
.00 

.08 

Omaha 

.08 

*  AllaLWU  ••••••••••■•  •••«•••••    ••••«»••«••  ••«    ••••• 

.88 

.86 

.88 

.87 

.06 

.98 

.01 

.00 

Bismarck 

.91 

.85 

.98 

.80 

.94 

.84 

.91 

.90 

fialnt  Vincent 

• 

.90 

.82 

.86 

.86 

.90 

.89 

.86 

.90 

The  30  days'  mean  has  been  projected  in  the  AiU  cures  of  Figs.  2  and  3.  We  find 
that  Fig.  2 shows  in  a  marked  degree-a  low  area  to  the  north  and  northwest  of  the  re- 
gion of  greatest  frequency  of  thnnder-storms,  and  its  center  at  a  distance  of  aboat  350 
miles.  Fig.  3,  however,  is  jnst  the  reyeise,  showing  a  high  area  to  the  north  and  north- 
•east  of  the  thnnder-storm  region.  These  results  are  exhibited  on  each  of  the  groups  of 
ten  days.  To  sum  np  these  results,  we  see  (1)  that  the  humidity  and  weather  conditions 
«re  but  slightly,  if  at  all,  affected  on  days  of  thunder-storm  action,  which  would  seem 
to  show  a  concentration  of  unusual  rainfiiil  action  at  the  time  of  thofeder-storms  rather 
than  a  general  rain  such  as  might  be  expected  in  connection  with  the  prominent  low 
area,  which  is  almost  invariably  present  (2)  The  temperature,  while  showing  no 
marked  contrasts  in  a  north  and  south  direction,  yet  does  show  a  fiiir  increase  on  days 
of  most  storms.  The  date  of  this  increase  is  slightly  in  advance  of  that  of  the  greatest 
number  of  storms.  (3)  The  most  marked  characteristic,  however,  is  the  presence  of  a 
low  area  to  the  north  and  northwest  of  greatest  thunder-stOrm  action,  and  its  replace- 
ment almost  exactly  by  a  high  area  on  days  of  few  storms.  This  goes  to  show  that,  in 
the  United  States  at  least,  there  is  a  very  notable  connection  between  a  low  area  and 
thunder-storm  action. 

It  is  evident  that  a  thorough  study  of  some  general  storm  action  and  its  aeoompAy- 
ing  low  area  must  give  an  important  addition  to  our  knowledge.  Sndi  a  study  de- 
mands exact  knowledge  as  to  the  time  of  beginning  and  ending  of  storm  action,  rain 
and  wind,  as  well  as  the  gaps  (if  there  be  such)  in  all  these  phenomena  occurring  to  the 
aouthe&st  of  a  low  area.  A  beginning  of  such  study  has  already  been  made,  and  has 
revealed  some  very  surprising  results.  The  storms  of  May  18  and  19,  1884,  were  vride- 
spread  over  the  region  of  observation.  They  began  on  May  18  in  Illinois,  reached  a 
maximum  of  action  at  16**,  then  died  down  at  night  to  begin  again  the  next  day  at  a 
point  somewhat  to  the  east  of  the  starting  point  of  the  previous  day.  The  velocity  of 
the  low  area  was  about  21  miles  per  hour,  while  that  of  the  thunder-storms  was  41 
miles  p^  hour. 

This  enormous  increase  in  the  velocity  is  difficult  to  explain,  and  demands  further 
investigation.  It  would  seem  to  show  that  while  the  action  is  coincident  with  the  pres- 
ence of  a  low  area,  yet  it  is  largely  independent  of  it.  Possibly  the  low  area  serves  as 
a  medium  of  concentration  of  the  electrical  action  in  its  southeast  quadrant,  while  the 
effects  of  this  action  are  separate  from  the  influence  of  low  pressure.  There  sewns  to 
be  very  little  doubt  that  thunder-storm  action  ia  downward  £n>m  the  upper  atmosphere. 
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A  normal  storm  is  freqaently  ushered  in  by  a  very  sudden  gust  of  wind,  which  has  been 
blowing  gently  from  the  south  all  day  in  aooordanoe  with  the  usual  barometric  gradient* 
toward  the  low  area.  With  this  high  wind  there  comes  a  rise  in  pressure  which  reaches 
a  TOHTimnm  at  the  same  time  as  the  maximum  of  the  storm.  As  the  storm  advances 
the  lightning  and  thunder  increase,  and  after  it  passes  the  wind  dies  down  very  markedly. 
That  there  U  a  down  rush  in  the  center  of  a  thunder-storm  is  proved  by  the  fact  that  if 
the  storm  is  to  the  south  the  wind  is  very  strong  from  that  direction,  while  if  it  is 
toward  the  north  the  wind  is  just  as  strong  from  the  north,  although  it  may  have  been 
blowing  gently  from  the  south  up  to  the  time  of  the  storm. 

AIS  PBE88UBS  IST  THE  CENTEB  OF  A  8T0BM. 

During  1883  and  1884  the  writer  watched  with  great  care  every  thunder-storm  as  it 
<same  up  and  passedoff,  counting  the  distance  in  every  case  where  the  lif^htning  and 
thunder  were  distinct  and  could  be  connected.  These  records,  together  with  the  baro- 
graph curves  of  the  Signal  Office,  will  enable  us  to  determine  whether  there  is  any 
marked  effect  on  the  air  pressure  or  not  on  the  approach  and  passa^  of  a  storm. 
Table  VI  contains  records  taken  from  the  barograph  trace  every  fifteen  minutes,  and 
oltener  whenever  there  was  a  great  fluctuatloiL 
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In  this  table  the  boor  of  beginniiig  of  obseiratioDs  is  indicated  at  the  top  of  each  eol- 
lunn  and  the  time  of  each  record  is  shown  on  the  left,  t.  f.,  the  time  of  each  reeoid  nay 
be  fonnd  by  adding  the  hour  and  minnte  on  the  left  to  the  hoar  at  the  top  of  eadi  ool^ 
nmn.  It  shoold  be  noted  that  the  exact  time  of  the  trace  is  not  known  to  Bevanl  min- 
ntes,  and,  moreover,  the  seTerest  part  of  a  thonder-storm  may  be  some  time  in  p— '^  a 
given  point  There  will  also  be  a  slight  difference  in  the  effect  if  the  storm  paices  oen- 
trally  than  if  to  either  side.  The  pli^  of  oocnrrcnce  of  the  storm  is  indicated  by  a  <  at 
th^  right  of  the  oolnmn  coincident  with  the  time  of  the  storm.  When  there  were  two 
periods  of  activity  there  are  two  Vb,  If  these  figures  be  projected  in  carves  there  will  be 
found  frequent  and  sadden  oscillations  at  the  time  of  the  storm.  When  it  is  oonsidaed 
that  in  the  summer-time  the  barograph  tiaoe  is  usually  very  uniform,  these  sudden  floe* 
tnations  are  very  remarkable,  and  indicate  a  uniformly  sudden  rise  in*  air  pressore  on  the 
passage  of  a  thander-storm.  It  would  be  a  matter  of  great  interest  if  there  were  studied 
in  this  connection  .the  movement  of  the  high  wind,  the  oscillation  of  rainfall,  directiimof 
wind,  &C. 

THUNDEB-STOBMS  AND  THE  MOOX. 

Dr.  Koppen  has  recently  published  a  short  article  in  the  Meteorologische  Zeitschriit, 
which  seems  to  show  a  slight  effect  of  the  moon's  phases  upon  the  frequency  of  storma. 
All  the  observations  available  for  1684  were  compiled  in  four  groups,  each  j;ioup  cod- 
taining  all  the  storms  for  seven  days,  as  follows:  the  center  day  for  fint  group  was,  new 
moon;  second,  first  quarter;  third,  full  moon,  and,  fourth,  last  quarter.  There  were 
added  to  each  of  these  the  records  for  the  three  days  immediately  preceding  and  follow- 
ing the  center  day.  Percentages  were  tiien  taken  for  each  phase  of  the  moon.  Tahie 
YII  contains  these  results.  For  the  purpose  of  comparison  I  have  added  the  resnlts  ob- 
tained by  Dr.  Koppen. 

Table  Yll.—Thunder'tiorm$  and  Moon. 


Phase. 

Koppen. 

Signal  Service,  1884. 

No.  of  storms. 

Per  cent. 

No.  of  storms. 

Percent. 

New 

886 

406 
270 
321 

25.2 
80.5 
2(1. 3 
24.1 

8.538 
3.2:£2 
2,S30 
2,2S6 

20.5 

Flmtquarter. 

27.0 

Full „ 

I<Aiit  quftrt«r...... 

24.4 
19.1 

Total 

1,333 

100.1 

11,906            1        100.0 

The  above  results  are  quite  accordant,  and  seem  to  show  a  tendency  to  a  greater 
number  of  storms  at  time  of  new  moon  and  first  quarter  than  daring  the  other  two 
phases.  The  observations  of  1884  seem  also  to  confirm  the  commonly-accepted  theory 
that  during  the  time  of  full  moon  there  are  fkr  fewer  clouds  in  summer  than  during  the 
time  of  new  moon«  In  order  to  test  the  question  more  fully  Table  YlII  was  prepared, 
in  which  the  number  of  storms  has  been  compiled  according  to  each  day  of  a  lunation 
for  five  lunations. 


Flsr.  4. 
THUNDERSTORMS   AND    MOON. 
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Appendix  25,  Sifqial,  1888. 
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Tablb  YIII. — Thwuier-storma  and  the  mo<m. 


■ 

First  luna- 
tion. 

Second  lu- 
nation. 

Third  luna- 
tion. 

ji 

Fifth  luna- 
tion. 

S 

Mean  of  five 
days. 

Days  preoedinff  new  moon : 

44 

SB 
96 
64 
66 
32 
28 
24 
64 
M 

122 
70 
68 
87 

121 
91 

65 

81 

112 

32 

24 

16 

28 

80 

62 

84 

48 

52 

100 

127 

127 
2L8 
198 

-  U 

68 

74 

88 

36 

84 

82 

108 

177 

118 

167 

140 

117 

SL9 

200 

46 

32 

30 

43 

92 

149 

186 

188 

90S 

178 

71 

178 

71 

38 

82 

78 

58 

10» 

1J68 

126 

68 

98 

51 

39 

80 

102 

45 

71 

92 

219 

880 

261 

225 

155 

151 

183 

122 

167 

62 

96 

116 

210 

41 
85 
45 
87 
114 
116 
137 
91 
29 
21 
19 
48 
29 
29 
29 
25 

42 
.    62 
90 
83 
29 
19 
51 
78 
81 
88 
74 
21 
19 
21 
61 

6» 
40 
88 
66 
28 
60 
28 
15 
18 
81 
68 
46 
48 
66 
0» 
U6 

S75 

193 

65 

48 

40 

61 

60 

108 

143 

169 

25 

22 

31 

42 

41 

454 

809 
840 
873 
383 
324 
436 
322 
259 
248 
384 
328 
856 
375 
488 
417 

570 
646 

686 
664 

876 
851 
827 
515 
607 
609 
497 
802 
419 
377 
068 

428 

427 

18      

880 

12      

854 

IX    

361 

10 

y««« »»••••■•«•••••••••••■*•*■•*••* ****** ••••••••••■••••••••••••••••••••••■••••»••• 

8  

868 
335 

818 

7 

830 

807 

814 

». 

Q 

337 
3H5 
388 

441 

499 

Days  following  new  moon : 

561 

Z...... .••...•.•••••.. .•....■.....••••*  >•.••....••■•••.•...•..«•••••.«.•......... 

8 

577 
586 

4 

6 , 

525 
461 

Oa««  ••••»••  •••»••    •••••••  ••••••••••••••••••••••••••■••••••■••  ••••••••••••••■  •••••• 

7 ^ « 

427 

427 

^•••••••••••v  •••••••«•••••••«••••»••••*•••••••••■•••*■•••••••  •■•••••••■••••••••••• 

472 
501 

608 
480 

451 

445 
436 

218  1      88 

448 

1 

The  center  of  the  table  was  chosen  for  the  time  of  new  moon,  and  starting  with  this 
date  storms  preceding  and  following  were  tabulated.  The  total  number  of  storms  for 
each  day  of  the  live  lunations  was  computed,  and  the  mean  for  each  five  days  taken. 
Fig.  4  shows  a  projection  of  these  values.  We  find  fjnom  the  curve  of  five  days'  means, 
minima  at  the  sixth  day  before  and  after  new  moon,  while  the  maxima  occur  at  the 
second  and  tenth  day  after  the  same  epoch.  These  results,  while  interesting,  are  not 
advanced  here  as  giving  any  explanation.  The  subject  seems  to  be  suffidenUy  impor- 
tant to  warrant  wther  investigation.  That  the  tides  have  some  unexplained  influence 
upon  the  occurrence  of  storms  is  a  well  defined  belief  along  the  Atlantic  border  and 
Long  Island  Sound.  It  is  said  by  those  who  have  studied  the  subject  that  no  thunder- 
storms occur  on  a  falling  tide.  It  will  be  readily  seen  that  if  this  be  so  the  subject  is 
far-reaching,  and  that  there  would  seem  to  be  a  possible  action  of  the  moon  which  will 
extend  over  the  whole  earth  and  not  merely  near  the  sea-coast. 


THUKDBE-STOBS^S  AMD  SOLAB  BOTATION. 

In  the  same  way  as  just  described  for  the  moon  a  table  has  been  prepared  showing  the 
distribntion  of  thunder-storms  in  respect  to  the  period  of  rotation  of  the  sun.  The  Boyid 
Observatory  at  Greenwich  has  assumed  the  period  of  rotation  as  25.38  days.  The  start- 
ing point  of  one  of  these  periods  is  May,  15.06,  1884,  and  this  was  chosen  for  the  first 
day  of  the  present  inves^^ations.  Six  complete  revolutions  of  the  sun  were  taken,  end- 
ing in  October.  Table  IX  exhibits  the  results  and  Fig.  6  shows  the  same  graphicidly. 
The  dotted  curve  shows  a  well-marked  minimum  on  the  thirteenth  day  of  rotation  and 
a  wn^'Hrntitn  on  the  twenty-fourth. 

17  SIG 
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Table  IX. — 7%under-8lormfireqitmejf  and  aolar  nOaUon. 

[The  d»y  of  (he  aolar  rototton  in  the  flrat  line  waa  May  15.06.    Six  complete  rotattona 

counting  in  October.] 


Daya  of  rotation. 

Rotationa. 

8am. 

^5 

111 

1. 

28 
24 
00 
49 

122 

TO 

68 

87 

121 

91 

65 

81 

112 

82 

24 

16 

28 

80 

62 

84 

48 

82 

100 

127 

218 

2. 

198 

84 

02 

68 

74 

89 

86 

34 

82 

108 

177 

113 

167 

140 

117 

219 

200 

46 

32 

80 

43 

92 

149 

186 

188 

8. 

173 

71 

38 

82 

78 

53 

169 

153 

126 

68 

93 

51 

39 

80 

102 

45 

71 

91 

219 

860 

251 

225 

155 

157 

132 

4. 

122 

167 

62 

96 

116 

210 

69 

40 

88 

56 

28 

60 

28 

15 

18 

31 

68 

46 

48 

66 

69 

116 

278 

198 

05 

5. 

40 

61 

56 

106 

143 

109 

25 

22 

31 

42 

41 

85 

45 

87 

114 

116 

187 

91 

29 

21 

19 

48 

29 

29 

29 

6. 

25 
42 

62 
90 
83 
29 
19 
51 
78 
81 
38 
74 
21 
19 
21 
61 
85 
29 
26 
42 
20 
8 
8 
49 
16 

1 

581 
449 
814 
583 
616 
570 
881 
887 
476 
446 
437 
414 
412 
878 
89^ 
488 
589 
888 
416 
608 
445 
041 
716 
741 
618 

547 

2 

505 

8 

499 

4 „ 

496 

4H3 

6. 

497 
486 

g. 

452 

9 

485 

482 

11 

437 

416 

13 

406 

14 

417 

15 

442 

16. „ , 

486 

17. ~ 

18. 

444 

486 

19 

477 

20. 

478 

21 , 

544 

22 

23 

609 
618 

645 

25 

627 

In  absence  of  any  apriori  leason  for  any  snchflnctnation  it  is  impossible  to  say  of  bow 
mncb  value  these  carves  are.  It  will  require  many  more  observations  of  a  oorruborative 
nature  to  establish  the  truth  of  this  oscillation.  The  results  are  sufficiently  interesting 
to  demand  further  study. 

The  above  paper  is  given  as  a  study  of  the  thunder-storm  observations  for  1884.  The 
observations  themselves  fbrm  a  most  valuable  storehouse  for  future  refereooe  as  ques- 
tions shall  arise  regarding  the  nature  of  thunder-storms.  It  would  seem  as  if  we  needed 
now  a  still  more  detailed  study  of  storms  over  a  limited  region  andacarefVil  hourly 
plotting  of  tiie  occurrences  of  storm,  rain,  wind,  hail,  &c,  aim  an  investigation  into  the 
connection  which  exists  between  thunder-storms  and  tornadoes  or  destmctive  storms. 


Fiff.  6. 
THUNDERSTORMS   AND   SOLAR    ROTATION. 
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APPENDIX    26. 

INSTRUCTIONS  TO  VOLUNTARY  OBSERVERS  OF  THE  SIGNAL  SERVICE. 

Signal  Office,  Wab  Depabtment, 

Washington  City,  October  15,  1886. 

Sib:  I  have  the  honor  to  submit  herewith  a  revised  copy  of  the  instructions  to  volun- 
tary observers  of  the  Signal  Service.  The  first  edition,  prepared  in  1882,  is  nearly  ex- 
hausted, and  as  a  large  number  will  be  required  during  the  current  year  to  supply  the 
numerous  local  organizations  and  State  weather  services  co-operating  with  the  Signal 
Service  in  collecting  and  distributing  meteorological  data,  1  recommend  that  this  re- 
vision be  printed  as  an  appendix  to  your  annual  report. 
I  am,  very  respectfully,  your  obedient  servant, 

H.  H.  C.  DUNWOODY, 
First  Lieutenant,  Fourth  Artillery,  Acting  Signal  Officer  and  Assistant. 

The  Chief  Signal  Offices  U.  S.  Abmy, 

Wa^ington  City, 


Keview  Division,  October  13,  1886. 

Deab  Sib:  I  have  the  honor  to  forward  herewith  a  revised  copy  of  instructions  to 
voluntary  observers  made  under  your  direction. 
Very  respectfully, 

H.  A.  HAZEN, 
Junior  Professor,  Signal  Office, 
Lieutenant  Dun  woody. 


INSTRUCTIONS  TO  VOLUNTARY  OBSERVERS  OF  THE  SIGNAL  SERVICE. 

INTBODUCTION. 

The  science  of  the  weather  is  becoming  more  and  more  largely  developed,  and  is  to- 
day attracting  thousands  who  are  anxious  to  learn  the  meaning  of  signs  and  to  forecast 
the  weather  in  the  immediate  future.  It  is  a  sdenoe  of  whi<£  it  is  easy  for  young  or 
old  to  become  votaries,  and  every  town  of  any  size  has  its  weather-wise.  There  are  to- 
day many  sayings  of  doubtful  value  as  regards  the  effect  of  the  moon,  the  present  length 
of  the  seasons  as  compared  with  former  times,  the  amount  of  rain,  the  depth  of  snow, 
&c.,  which  can  be  checked  only  by  long-continued  and  careful  observations.  Take  the 
matter  of  rainfall  alone,  which  is  of  such  prime  importance  to  the  fbrmer.  The  observa- 
tion and  record  of  rain  is  one  of  the  easiest  that  can  be  made,  and  it  would  be  of  great 
value  if  we  had  stations  20  miles  apart  over  the  whole  farming  country;  but,  as  it  is, 
stations  are  about  40  miles  apart,  and  large  areas  are  entirely  uncovered.  Several  oi 
the  more  important  observations,  such  as  of  temperature,  rain,  wind,  thunder-storms, 
frosts,  &C.,  are  very  simple  indeed,  and  may  be  taken  even  by  a  child.  It  is  the  object 
of  this  book  to  give  a  few  simple  directions  which  will  enable  angr  one  to  make  weather 
observations,  to  become  an  authority  among  his  neighbors,  and,  at  the  same  time,  to  aid 
the  determination  of  the  distribution  of  temperature,  rain,  thunder-storms,  frosts,  Sec., 
as  it  is  now  being  carried  on  at  the  central  office  of  the  United  States  Signal  Service  in 
Washington  City. 

Acknowledgment  is  made  for  assistance  derived  from  Blanford's  Vade  Mecum,  Scott's 
Instructions,  Canadian  Instructions,  Loomis's  Meteorology,  and  other  authorities. 
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GENEBAL  CONSIDERATIONS. 

In  meteorological  observations  there  are  a  few  important  considerationa  to  be  well  borne 
in  mind  and  to  be  studied  before  wo  come  to  the  actual  work  of  observation.  Too  often 
in  the  post  a  neglect  of  these  fundamental  considerations  has  led  to  scrioos  enoia  in  ob- 
servations, especially  of  the  wind,  and  less  frequently  of  temperature.  It  is  well  known 
that  on  clear  nights,  owing  to  intense  radiation  from  the  8od,  Us  temperature  is  frequently 
lowered  15  or  20  degrees  below  that  of  the  air  immediately  above  it.  This  cooling  of  the 
air  increases  its  denaity,  and,  if  on  a  side  hill,  it  begins  flowing  down  to  the  foot  of  the 
declivity.  As  a  result  the  cooler  air  fills  up  the  valley  ut  the  foot,  and,  as  this  is  shel- 
tered from  almost  all  wind  effects,  the  air  within  becomes  much  cooler  than  the  genend 
air  about.  Now,  as  the  temperature  we  seek  is  that  of  a  somewhat  extended  region  un- 
affected direcUy  or  indirectly  by  harmful  radiation  or  icflection,  it  is  evident  that  this 
condition  can  be  fulfilled  only  by  an  exposure  of  the  thermometer  oii  a  knoll,  or  at  least 
away  from  a  valley.  Actual  observation  has  indicated  a  temperature  in  a  valley  15  to 
20  degrees  lower  than  that  of  the  genenil  air.  In  one  instance  a  temperature  at  Wash- 
ington was  found  10  degrees  lower  in  a  valley  than  on  a  knoll  100  feet  away.  It  is  clear 
that  no  amount  of  expense  for  the  immediate  sheltering  of  a  thermometer  would  obviate 
this  difficulty,  which  is  fundamental.  The  question  of  correct  wind-direction  and  veloc- 
ity depends,  still  more  than  that  of  temperature,  on  the  surroundings  of  a  station  of  ob- 
servation. In  this  case  we  must  expand  onr  view,  and  take  in  the  country  for  miles 
around.  It  is  clear  that  no  satisfactory  observations  of  wind  can  be  made  in  a  valley, 
on  a  hillside,  or  in  any  situation  where  there  are  many  hills  around.  If  in  locating  a 
station  it  is  found  impracticable  to  avoid  difficulty  in  this  direction,  then  the  observer 
should  be  cautioned  against  relying  upon  any  local  wind-vane,  but  should  try  to  obtain 
the  direction  by  the  movement  of  smoke,  a  flag,  or  any  other  contrivance  upon  a  neigh- 
boring eminence.  As  far  as  practicable,  standard  instruments  should  be  used,  and  their 
accuracy  determined  by  comparison  with  regular  stand anis.  Accurate  instruments  will 
be  procured  for  observers  at  actual  cost  price;  they  will  be  compared  with  standards  at 
this  office,  and  correction  cards  furnished,  free  of  charge.  In  these  instructions  there  are 
given  all  necessary  tables  for  use  in  reducing  observations  and  making  them  available  for 
direct  comparison  and  use. 

TIME  OF  OBSERVATION. 

It  is  important  in  meteorological  observations  to  select  some  uniform  times  each  day 
f(ir  making  them,  especially  of  temperature  and  pressure,  wind  and  clouds.  It  has  been 
found,  from  actual  hourly  readings,  that  the  hours  best  suited  for  determining  general 
means  at  any  station  are  7  a.  m.,  2  and  9  p.  m.,  but  if  it  be  found  impossible  to  make  ob- 
servations three  times  each  day,  then  they  may  be  made  at  the  two  hours  of  the  same 
name,  that  is,  8  a.  m.  and  p.  m. ,  9  a.  m.  and  p.  m. ,  &c.  In  the  case  of  rainfall  it  is  best  to 
measure  the  rain,  whenever  practicable,  immediately  at  the  close  of  the  rain.  If  maxi- 
mum and  minimum  or  self-registering  thermometers  are  used,  the  time  of  reading  may 
lie  9  p.  m. ,  or  an  hour  earlier  or  later  than  that.  In  case  there  are  no  settled  hours  of 
observation,  then  at  the  close  of  the  day  there  should  be  noted  the  general  clondineas 
and  wind  direction,  with  any  facts  of  general  interest,  relating  to  frost,  blossoming  of 
trees,  harvest,  &c. 

METEOBOLOaiCAL  ELEMENTS  TO  BE  OBSERVED. 

The  more  important  of  these  are:  Air  temperature,  air  pressure,  humidity,  rainfall, 
wind  direction  and  velocity,  thunder-storms,  clouds,  general  observations  of  hail,  torna- 
does, aurora,  and  frost. 

The  more  difficult  are:  Absorption  and  radiation  of  the  sun*s  heat  by  the  earth,  evap- 
oration, atmospheric  electricity,  height  of  clouds,  and  decrease  of  temperature  with 
altitude. 

There  are  also  observations  on  the  zodiacal  light,  solar  and  lunar  halos,  parhelia,  para- 
selenes, and  mirage,  depth  of  ground  frozen,  closing  of  rivers,  lakes  and  canals,  and  their 
rise  and  fall,  temperature  of  the  soil,  of  wells,  and  of  springs,  earthquakes,  smoke  of 
forest  fires,  dark  days,  hurricanes,  time  of  bndding,  leafing,  blossoming,  ripening  of 
plants,  trees,  grasses,  &c.,  migration  of  birds,  appearance  of  insects,  &c.,  character  of 
sunrise  and  sunset,  and  other  phenomena  that  attract  unusual  attention,  as  the  fall  of 
fishes,  frogs,  &c.,  from  the  sky,  red  rain,  &c. 

TEMPERATURE  OF  THE  AIR. 

The  words  heat  and  cold  express  sensations  familiar  to  every  one,  and  need  no  expla^ 
nation.  The  latter  is  simply  the  absence  of  heat  and  not  a  mode  of  enexgy.  These 
sensations  are  largely  dependent  upon  the  state  of  our  bodies,  and  hence  we  are  forced 
to  adopt  some  invariable  instrumental  means  for  determining  actual  values.  Since  heat 
expands  most  bodies,  and  its  withdrawal  contracts  them,  by  stutablo  means  we  mi^t 
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oonstmct  a  heat  i^easarer  of  some  raetal;  or,  better  still,  by  the  union  of  tivo  strips  of 
metal  of  different  expansive  coefhcients,  such  as  iron  and  brass.  Tlie  art  of  making 
such  heat  indicators  has  beon  wonderfully  perfected  in  these  later  days,  and  very  accu- 
rate instruments  are  beiu;;  made  upon  these  principles.  There  is  one  serious  defect, 
however,  in  all  such  contrivances,  and  that  is  their  liability  to  change  their  indications 
in  the  lapse  of  time. 

Since  the  volume  of  a  gas  or  liquid  would  be  changed  by  the  application  of  heat,  if  we 
had  some  ready  means  of  measuring  this  change  of  volume  we  would  have  a  good  meas- 
urer of  temperature.  Such  an  instrument  is  a  gas  or  liquid  thermometer  in  contradis- 
tinction to  the  one  just  described,  which  Is  a  metallic  thermometer.  The  gas  or  liquid 
thermometer  consists  of  a  bulb  of  some  size,  communicating  with  a  tube  more  or  less 
capillary  in  which  the  length  of  the  column  of  gas  or  liquid  is  dependent  upon  the  tem- 
perature of  the  bulb,  hence  affording  an  easy  means  of  measuring  changes  of  volume  or 
temperature  in  the  latter.  The  gas  usually  used  is  dry  air,  and  the  liquid  either  mer- 
cury or  alcohol.  The  air  thermometer  is  of  great  importance  in  obtaining  a  standard  of 
thermometry,  but  is  seldom  used  outside  the  laboratory. 

THERMOMETEB  SCALES. 

The  two  scales  in  common  use  are  the  Fahrenheit  and  the  Centigrade.  The  former 
baa  ita  freezing  point  at  32°  and  boiling  point  at  212°.  These  are  the  fixed  points  of  a 
standard  thermometer,  the  first  being  the  temperature  of  melting  ice  and  the  second 
that  of  boiling  water.  In  the  Centigrade  scale  these  points  are  fixed  at  0^  and  100°. 
Since  the  interval  between  the  two  fixed  points  in  the  Fahrenheit  scale  is  180°  and  in 
the  C^itigrade  scale  100°,  it  follows  that  1°.8  Fah.  is  equal  to  1.°  Cent.  To  change  the 
Centigrade  degrees  .to  Fahrenheit  it  is  necessary  to  first  multiply  by  nine-fifths  and  then 
to  add  32°.  In  the  reverse  operation  we  must  subtract  from  the  Fahrenheit  degrees  32°, 
then  multiply  by  five-ninths.    In  other  words — 


F.=f  C-h32° 


C.  =  J(F.—32°) 


Example:  Convert  50^  F.  to  C,  we  have: 

5  (50  —  32)  =  10°,  hence  50°  F.  =  10°  C. 

thi:bmometes  oorsectioks. 

It  has  been  fonnd  that  a  thermometer,  when  graduated  immediately  after  its  man- 
ufacture, giadually  changes  its  indications,  continually  reading  higher  and  higher  for 
several  years.  This  may  be  obviated  by  allowing  a  thermometer  to  remain  ungraduated 
for  a  term  of  years.  Alter  ten  years  the  change  from  this  cause  vnll  be  practically 
ended. 

In  order  to  obviate  the  difficulty,  Mr.  Hicks,  of  London,  passes  the  thermometers 
through  a  special  treatment  which  eliminates  the  disturbing  causes  and  produces  a  ther- 
mometer which  has  little  or  no  liability  to  change.  With  an  ordinary  instrument  it  is 
necessary  to  determine  the  difference  between  its  reading  and  that  of  a  standard,  and 
to  apply  that  difference  when  great  accuracy  is  required.  Corrections  are  usually  de- 
termined for  each  10°  of  the  scale,  as  follows: 


Scale  reading. 

Correction. 

o 

o 

--30 

+1.0 

—20 

+0.4 

—10 

-0.2 

0 

—0.6 

10 

-1.1 

ao 

—0.6 

30 

—0.4 

32' 

—0.4 

40 

—0.8 

50 

-0.1 

60 

+0.1 

70 

+0.3 

80 

+0.5 

90 

+0.8 

100 

+1.1 

This  correction  should  be  applied  algebraically,  as  follows:  At  a  temperature  of — 26°  the 
correction  would  be  -f  0.8,  that  is,  the  thermometer  reads  too  low  0.8°  — 26. 0+0.8= 
— 25.2°.  At  —8°  the  correction  is  —0.3  or  the  reading  is  too  high  0.3,  hence  —8.0— 
0.3=  —8.3°. 
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It  may  be  that  as  time  passes  the  indications  of  a  thermometer  change.  This  can  be 
best  determined  by  placing  the  thermometer  in  melting  chipped  ice  or  snow  and  noting 
the  reading  at  32^.  If  it  is  different  from  that  on  the  correction  card,  that  difference 
should  he  applied  throughout  the  scale.  For  example,  suppose  it  be  found  in  the  case 
given  above  that  the  thermometer  at  32°  reads  .G  too  high  instead  of  .4  (in  this  case) — 0.2° 
should  be  applied  algebraically  throughout  the  scale.  For  example,  at  —30°  the  conec- 
tion  should  be  +  -S*  at  0°  —  .8,  &c 

If  it  be  found  that  a  stem-graduated  thermometer  is  apparently  readinglower  than  before, 
then  a  more  careful  test  in  melting  ice  should  be  made,  as  it  ought  never  to  read  perma- 
nently lower,  though  heating  to  its  extreme  height  for  a  time  will  tend  to  depress  the 
reading.  The  test  in  melting  ice  need  not  be  mSHe  more  than  once  each  year,  and  in  a 
y&cy  old  thermometer  not  as  often  as  that.  A  thermometer  may  sometimes  be  foand  in 
error  from  a  break  in  the  colnmn  of  mercury  or  from  a  bubble  of  air  in  the  bulb. 

A  thermometer  to  be  in  the  best  condition  ought  not  to  have  its  column  broken  when 
held  with  bulb  uppermost.  To  remove  the  air  the  speck  in  the  bulb  shoold  be  first 
brought  to  the  junction  of  the  stem  and  bulb  by  jarring  the  latter  in  the  open  palm  of 
the  hand.  When  the  speck  is  at  the  junction,  prepare  ice  or  snow  or  cold  water  and  cool 
the  bulb  down,  then  invert  it,  and  all  the  mercury  will  run  to  the  other  end,  or  may  be 
made  to  do  so  by  a  gentle  jar.  Now  heat  the  bulb,  either  in  the  hand  or  at  a  long  dis- 
tance from  a  heated  surface,  being  careful  to  hold  the  stem  horizontal  or  inclined,  with 
the  bulb  end  up.  This  will  cause  the  mercury  to  rise  and  drive  the  air  before  it.  Oue 
should  be  taken  never  to  heat  so  much  that  the  top  of  the  column  is  less  than  a  half-inch 
from  the  end  of  the  other,  as  otherwise  the  thermometer  may  be  broken.  If  now  the 
thermometer  is  held  vertically  the  two  colnmns  will  join,  or  may  be  made  to  do  so  by 
a  gentle  jar  in  the  open  palm  of  the  hand;  the  air  speck  will  be  in  the  tube,  but  the  mer- 
cury will  join  by  a  slender  thread  alongside  of  the  speck.  Now,  if  the  bulb  be  cooled, 
the  air- speck  will  remain  stationary,  but  the  mercury  will  flow  past  it  toward  the  bulb. 

By  repeating  the  process  the  speck  may  be  finally  driven  into  the  top  of  the  tube, 
where  it  will  do  no  harm.  In  cooling  off  the  thermometer  for  the  last  time  care  shoold 
be  taken  that  the  speck  in  the  column  be  at  a  point  before  inversion  which  is  above  the 
temperature  of  the  cooling  liquid,  otherwise  the  column  left  after  cooling  down  will  be 
so  short  that  it  cannot  be  driven  down  on  inversion.  If  it  be  found  impossible  to  get 
the  short  column  down  on  inversion  after  cooling,  it  may  be  easily  lengthened  by  jaunring 
the  bulb  in  the  open  hand,  holding  the  bulb  down.  In  case  tliere  is  much  air  separatiiig 
the  two  columns  it  will  be  found  impossible  to  unite  them  when  the  upper  oolamn  is 
quite  short',  the  air-speck  being  so  large  that  the  thread  of  mercury  cannot  pass  it.  In 
suchcase  it  may  be  necessary  to  heat  the  upper  part  of  the  tube,  where  there  is  iio  mer- 
cury quite  hot  This  expands  the  air  and  brings  a  slight  pressure  to  bear  npon  the  top 
of  the  mercury.  If  the  thermometer  while  still  hot  ho  jarred  upon  the  open  hand  the 
columns  will  frequently  unite.  If  all  other  efforts  fail  take  the  tube  from  the  brass 
scale  and  gradually  heat  the  part  above  the  main  column  in  an  alcohol  flame,  by  mn- 
ning  it  back  and  forth  in  the  flame  and  twirling  it  continually  in  the  fingers,  in  order  to 
heat  it  uniformly. 

The  mercury  will  be  volatilized  and  scattered  along  the  bore.  Then  by  heating  np 
the  thermometer  the  main  colnmn  will  take  up  the  various  detached  portions.  Some 
thermometers  are  provided  with  an  expansion  chamber  at  the  top  of  the  tabe,  and  in 
such  case  it  is  only  necessary  to  heat  the  bulb  until  the  air-speck  has  been  driven  into 
the  chamber.  After  that,  by  holding  the  bulb  down,  on  cooling  it  will  be  foand  that 
the  air  has  remained  behind  and  there  is  a  continuous  colnmn  of  mercury.  In  the  latter 
kind  of  thermometer  it  will  frequently  be  found  that  a  portion  of  the  mercury  has  lodged  in 
the  chamber,  and  is  entirely  separated  from  the  col umn  in  the  tube.  In  such  case  a  slight 
jar  will  sometimes  send  the  mercury  down.  If  this  does  not  avail,  then  the  bnlb  should 
be  warmed  till  the  column  in  the  tube  reaches  the  mercury  in  the  chamber.  When  this 
is  done,  after  cooling  it  will  be  found  that  the  column  is  perfect.  Sometimes  the  cham- 
ber becomes  completely  filled,  and  no  effort  can  dislodge  the  mercury.  In  sach  case  it 
is  necessary  to  heat  the  chamber  in  an  alcohol  flame,  being  careful  to  turn  the  tube  in 
the  hand  in  order  to  apply  the  heat  uniformly.  In  a  short  time  the  mercury  will  be 
expanded  sufficiently  to  flow  down  the  tube  on  its  being  held  with  the  balb  down. 

EBR0B8  OF  ALCX)HOL  THERMOMETER.S. 

There  are  usually  mted  alcohol  thermometers  for  determining  the  lowest  temperature 
of  the  night  These  are  susceptible  to  errors  which  often  seriously  affect  their  read- 
ings. This  thermometer  has  usually  for  its  liquid  alcohol,  in  which  there  floats  a  glass 
index,  which  is  carried  down  to  the  lowest  point  reached  during  the  night  by  the 
capillary  action  of  the  end  of  the  column  and  left  there,  the  alcohol  passing  by  the 
index  as  the  temperature  rises  in  the  morning.    Owing  to  the  volatile  nature  of  the  fluid, 
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it  18  freqaently  evaporated  and  condensed  at  the  upper  part  of  the  tuhe,  thus  cansing  a 
too  low  reading.  In  tron^portationf  also,  the  colnmn  is  often  broken  into  a  large  numher 
of  parts.  To  nuite  tho  column,  pass  a  small  copper  wire  several  times  through  the  hole 
at  the  end  of  the  brass  scale,  thus  ibrmtng  a  loop.  To  this  tie  a  strong  string  a  foot  or  so 
lonK  and  rapidly  swing  the  thermometer  through  a  circle  the  radius  of  the  string;  con- 
tinue the  swinging  until  the  operation  is  complete.  Where  the  column  is  very  badly 
broken  it  may  be  reunited  by  heating  the  bulb  in  water,  gradually  made  hotter  by  ad- 
ding hot  water,  until  the  end  of  the  unbroken  column  reaches  the  expansion  chamber  at 
the  top;  if  now  the  bulb  is  gradually  cooled  with  the  tube  held  vertiodly,  bulb  down,  it 
will  be  found  that  there  is  a  complete  column.  Another  error  sometimes  occurs  render- 
ing the  thermometer  unserviceable,  in  that  the  index  is  stopped  in  the  tube  by  some 
irregularity  in  the  bore.  If  this  occur  often  the  thermometer  will  have  to  be  returned 
to  the  maker. 

SENSITIVENESS  OF  THEBHOMBTERS. 

A  series  of  careful  experiments  has  shown  that  a  cylindrical -bulb  thermometer  is 
much  more  sensitive  to  temperature  changes  than  one  having  a  spherical  bulb.  The 
difference  is  not  noticeable  ip  the  determination  of  air  temperature,  but  in  the  case  of 
the  wet-bulb  thermometer  (shortly  to  be  described)  it  is  a  matter  of  much  importance. 
To  those  supplying  themselves  with  instruments  it  is  sn^y^ted  that  it  will  be  import- 
ant to  order  cylindrical-bulb  thermometers  for  dry  and  wet. 

WET-BULB  THEBMOMETEB. 

This  is  precisely  like  the  dry  bulb,  except  that  it  has  a  piece  of  soft  muslin  tied  over 
it,  which  is  kept  constantly  moistened  with  rain  or  very  dean  water.  Observations  of 
the  wet  bulb  for  determining  the  humidity  are  attended  with  great  difficulty,  especially 
in  the  winter  season,  and  if  one  desires  to  make  them  the  most  careful  attention  should 
be  paid  to  the  following  points:  It  is  not  advisable  to  attempt  such  observations  in  a 
window  shelter,  unless  there  is  some  means  of  artificial  ventilation.  This  may  be 
done  by  means  of  a  bellows  connected  with  a  rubber  tube,  which  is  carried  to  the 
wet  bulb;  the  bellows  should  be  fastened  to  the  bottom  of  the  shelter  and  should  be 
manipulated  by  a  cord  over  a  pulley  carried  into  the  room,  it  being  necessary  to  keep 
the  window  shut.  Another  convenient  form  of  ventilation  is  by  rapidly  rotating  the 
thermometer  either  on  a  horizontal  or  a  vertical  axis  by  means  of  suitable  cog-wheels. 
Another  simple  method  of  ventilation  may  be  arranged  with  a  fan,  movable  by  a  lever, 
extending  into  the  room  or  below  the  shelter  if  outdoors.  Experiment  has  shown  that 
a  fairly  open  shelter  (shortly  to  be  described)  will  give  entirely  satisfactory  results  it 
there  be  any  wind  stirring:  bnt  when  there  is  little  or  no  wind,  especially  with  the  tem- 
perature below  freezing,  it  will  be  necessary  to  wait  a  long  time  for  the  wet  bulb  to 
reach  its  lowest  reading,  say  twenty  to  thirty  minutes.  In  such  case,  artificial  ventila- 
tion is  a  great  convenience,  and,  if  no  other  is  available,  a  simple  palm-leaf  fan  may  be 
used  in  any  except  a  window  shelter. 

The  following  process  will  enable  any  one  to  make  a  perfect-fitting  muslin  cover  to 
the  thermometer.  It  applies  particularly  to  the  cylindrical  bulb,  but  may  be  used  for  the 
spherical  also.  First  cut  the  muslin  in  rectangular  form  of  sufficient  size  to  lap  over  the 
bulb  about  one-eighth  or  three- sixteenths  inch,  then  wet  the  piece  and  apply  imme- 
diately to  the  bulb.  The  air  bubbles  may  readily  be  pressed  out,  and  there  will  be  a 
perfect  fit.  Take  a  short  thread  and  tie  the  muslin  above  the  bulb,  then  another  thread 
vrill  enable  one  to  draw  the  muslin  tight  by  first  making  a  loop  and  passing  it  over  the 
projecting  muslin  at  the  lower  end  of  the  bulb  and  grMlually  drawing  the  muslin  to- 
gether with  the  loop.  A  fine  needle  and  thread  will  now  enable  one  to  catch  the  edge 
of  thQ  muslin  so  that  it  can  never  be  shiited.  When  the  temperature  is  above  32^ 
moisture  may  be  drawn  to  the  bulb  by  a  short  wick,  having  one  end  fastened  to  the  top 
of  the  muslin  and  the  other  dipping  iu  a  reservoir  of  water.  When  the  temperature  is 
about  to  fall  below  32^  do  not  take  oif  the  wick,  but  simply  remove  it  from  tne  cup  and 
pass  its  end  up  behind  the  thermometer,  leaving  the  bulb  in  such  a  position  as  to  enable 
one  to  immerse  it  in  a  cup  of  water  kept  as  near  freezing  point  as  possible.  If  the  wick 
be  found  frozen  and  stiff  take  a  large  dish  of  luke-warm  water  and  thaw  out  the  wick, 
and  then  place  it  as  just  directed. 

In  very  windy  cold  weather  it  may  be  found  necessary  to  immerse  more  than  once  in 
order  to  obtain  a  coating  of  ice  that  will  not  }ye  evaporated  too  readily  or  before  the 
lowest  rending  has  been  reached.  If  a  wet  bulb  is  well  ventilated  the  lowest  reading 
ought  to  be  reached  in  a  few  minutes.  The  muslin  should  be  changed  whenever  it  gets 
brown,  once  in  two  months  or  so.  In  a  very  dry  time  it  will  be  found  that  the  wick  run- 
ning from  the  reservoir  of  water  to  the  muslin  ceases  to  act.  In  such  case  it  is  necessary 
to  raise  the  reservoir  in  its  clasp  until  the  wick  becomes  nearly  horizontal,  when  there 
will  be  no  further  difficulty.    There  is  no  danger  of  getting  too  much  water  on  the  wick. 
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Regnault  found  entirely  satisfiictory  results  even  when  the  water  dripped  from  the  halb. 
Great  care  should  be  exercised  in  keepiuf;  the  bulb  wet  or  covered  with  ioe;  a  little 
practice  will  enable  any  one  to  tell  at  a  glance  whether  the  bulb  is  wet  or  not,  though 
sometimes  it  may  be  necessary  to  touch  the  tip  of  the  muslin  with  the  finger  in  order 
to  make  sure  of  the  iact.  No  masses  of  ice  should  be  allowed  to  oocnmolate,  bat  these 
should  be  melted  off.  If  ioe  be  found  in  the  bulb  left  over  from  a  previous  observation, 
and  the  air  temperature  is  above  32®,  then  all  the  ice  must  be  carefhlly  melted  off  be- 
fore a  correct  reading  can  be  had. 

The  most  difficult  time  for  making  a  correct  observation  of  the  wet  bulb  is  when  the 
temperature  is  j  ust  at  or  j  ust  below  freezing.  In  this  case  extreme  watchftdnesa  is  needed 
in  order  to  avoid  being  deceived  by  the  indications.  When  the  bulb  is  first  wet  the 
mercury  will  go  down  somewhat  rapidly,  if  the  air  be  rather  dry,  until  it  may  reach  as 
low  as  27®,  when  very  suddenly  the  column  will  rise  with  rapidity,  and.  will  stand  at' 
exactly  32®.  The  error  of  a  thermometer  at  32®  may  be  accurately  determined  by  this 
observation.  The  second  descent  of  the  mercury  will  be  found  exceedingly  slow,  espe- 
cially at  the  start,  though  when  once  fairly  begun  the  column  will  fall  quite  qniddy. 
Reading  should  only  be  made  when  the  column  has  reached  its  lowest  point.  If  one 
has  artificial  ventilation  there  will  be  far  less  difficulty.  In  this  case  it  is  neoessaiy  to 
ventilate  only  half  a  minute  or  so,  then  read  and  ventilate,  and  so  continue  the  process 
till  a  stationary  reading  has  been  obtained  or  the  column  begins  to  rise. 

MOISTURE  OF  THE  AIB. 

The  moisture  of  the  air  may  be  expressed  (1)  by  giving  its  amount  in  unit  of  volume 
and  (2)  by  the  ratio  between  the  above  amount  and  that  required  to  saturate  the  air  at 
the  existing  temperature.  It  is  upon  the  second  of  these  elements  that  our  sensations  ot 
dryness  and  moisture  chiefly  depend,  and  it  is  this  element  which  meteorologists  have 
agreed  to  denote  by  the  term  humidity f  or,  as  it  is  sometimes  called,  relative  humidiiif. 
It  is  usually  expreeeed  as  a  percentage,  e.  ^.,  if  the  amount  of  vapor  present  is  -|^  of  that 
required  for  saturation  the  relative  humidity  is  said  to  be  70  per  cent.  The  humidity 
of  the  air  may  be  regarded  as  the  weight  of  aqueous  vapor  in  a  given  quantity  of  air  ex- 
pressed as  a  percentage  of  the  weight  of  vapor  at  saturation,  which  would  occupy  the 
same  space,  at  the  air  temperature.  Since  aqueous  vapor  nearly  fulfills  Boyle's  law, 
this  humidity  may  be  considered  as  the  ratio  existing  between  the  tension  of  the  vapor 
present  in  the  air  with  the  tension  of  saturated  air  at  the  actual  temperature. 

DEW-POINT. 

The  o1)servation  is  familiar  to  every  one  of  a  mist  forming  on  the  outside  of  a  glass  of 
cold  water.  The  density  of  this  mist  depends  laigely  on  the  amount  of  moisture  in  the 
air.  It  is  formed  in  the  same  way  as  dew  at  night,  and  indicates  that  the  air  near  the 
surihce  of  deposition  has  been  cooled  down  until  the  temperature  has  reached  the  point 
of  saturation,  when  immediately  moisture  or  dew  begins  to  deposit.  This  temperature 
is  called  the  dew-point.  If  the  cooling  is  produced  by  a  freezing  mixture  which  lowers 
the  temperature  of  the  side  of  the  vessel  belcw  the  freezing  point  the  deporation  is  in 
the  form  of  frozen  particles  or  frost.  An  approximate  prediction  of  frost  may  be  made 
in  the  evening  by  determining  the  dew-point;  as  this  remains  nearly  constant  all  night 
if  in  the  evening  of  a  clear  calm  night,  with  the  air  temperature  at  iOP  or  even  45^,  the 
dew-point  is  found  at  28^  to  30®  frost  may  be  expected,  especially  in  low  lands.  If  such 
a  cooling  takes  place  in  a  mass  of  air  then  rain  or  snow  may  be  expected,  according  as 
the  dew-point  is  above  or  below  32^. 

HYGROMETERS.  , 

These  may  be  divided  into  four  general  classes:  (1)  Hygrometers  of  absorption,  or  by- 
groscopes;  (2)  hygrometers  of  condensation,  or  dew-point  instruments;  (3)  hygrometers 
of  evaporation,  or  dry  and  wet  bulb  thermometers;  (4)  chemical  hygrometers  for  directly 
determining  the  amount  of  moisture  in  a  given  volume  of  air. 

Hair  hygrometer. — ^The  most  important  of  the  first  class  enumerated  above  is  the  hair 
hygrometer,  which  consists  of  a  human  hair  from  which  all  oily  particles  have  been 
most  carefully  removed  and  afterward  so  attached  to  the  spindle  of  a  pointer  as  to  indicate 
changes  in  length.  This  organic  substance  has  the  property  of  lengthening  with  the  ad- 
dition of  moisture  and  one  carefully  prepared  may  be  considered  quite  constant  in  its 
indications  for  a  time.  Such  a  hygrometer  rapidly  deteriorates,  however,  and  if  kept 
in  a  warm  room  will  often  take  a  set  and  give  entirely  erroneous  results.  To  obviate 
this  difficulty  a  hair  hygrometer  has  been  devised  which  may  be  readily  brought  in 
contact  with  saturated  air;  in  this  case  it  is  possible  to  get  a  reading  at  each  obsorva- 
tion,  or  whenever  desired,  of  the  saturation  point  of  the  instrument.    This  instrament 
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has  the  merit  of  giviDg  the  relative  hamidity  at  a  glance,  and  also  of  being  mnch  .easier 
to  use  than  the  dry  and  wet  bnlb  hygrometer  (the  pBychroineter),  especially  with  a  tem- 
perature below  32°.  It  is  almost  the  only  instrument  used  in  Russia  under  the  latter 
condition,  yet  it  must  be  admitted  that  it  is  entirely  unreliable  for  accurate  results  and 
cannot  be  compared  with  a  ventilated  psychrometer.  It  should  be  noted  that  all  meth- 
ods of  determining  humidity  become  more  and  more  difficult  the  lower  the  temperature 
falls  below  32^,  and  no  instrument  yet  devised  obviates  this  difficulty. 

Dew-point  in^rumeiUs, — A  great  variety  of  instruments  have  beeu  devised  for  deter- 
mining directly  the  temperature  at  which  dew  or  frost  will  be  formed.  The  best  of 
these  is  Regnault's,  which  consists  of  a  cup  or  prismatic  box,  having  a  highly  polished 
face  and  so  arranged  as  to  permit  of  obtaining  a  very  low  temperature  by  the  evapora- 
tion of  a  volatile  liquid,  such  as  ether,  within  the  cup.  A  thermometer  is  inserted 
inside  of  the  liquid,  and  its  reading  at  the  moment  dew  appears  on  the  polished  exterior 
will  indicate  approximately  the  dew-point  temperature.  When  properly  observed  with 
a  due  regard  to  many  intricate  points,  only  to  be  learned  by  experience,  this  instrument 
may  be  made  exceedingly  accurate.  The  most  difficult  matters  to  arrange  are:  (1) 
Proper  cleaning  of  the  surface,  (2)  Position  ot  ingress  tube,  as  regards  the  thermome- 
ter. (3)  Avoidance  of  floating  vapors  in  the  air.  which  would  affect  the  plate.  (4) 
Proper  ventilation  of  the  surface,  &c.  The  instrument  needs  most  careful  manipula- 
tion, and  can  hardly  be  regarded  as  of  practical  use  in  making  every-day  observations 
in  meteorology.  It  is  most  difficult  to  observe  in  low  temperatures.  These  last  re- 
marks apply  still  more  forcibly  to  the  last  class  mentioned  above — chemical  hygrom- 
eters. 

DRY  AND  WET-BULB  THEBMOMKT£BS  OS  PSYCHBOMETKB. 

This  instrument  was  first  used  by  Saussure,  and  is  the  most  practical  instrument  yet 
devised  for  obtaining  the  moistnre  contents  of  the  air.  It  has  been  very  seriousljr  criti- 
cised. For  example,  R.  11.  Scott,  in  his  Elemetary  Meteorology,  p.  106,  says  of  it: 
*  *  Close  to  and  below  the  freezing-point  the  dry  and  wet  bulb  hygrometer  fails.  * '  These 
criticisms  are  largely  due  to  the  fact  that  observations  have  been  tried  without  a  proper 
ventilation.  Experiment  has  repeatedly  shown  that  with  a  good  ventilation  the  psy- 
chrometer yields  entirely  satisfactory  results  and  is  a  most  important  ac^unct  to  meteor- 
ological inquiry. 

THBOBY  OF  THE  PYSCHBOMBTEB. 

The  temperature  of  evaporation,  or  that  given  by  the  wet-bulb  thermometer,  has  a  cer- 
tain fixed  relation  to  the  dew-point  temperature,  and  having  determined  this  relation,  it 
becomes  a  simple  matter  to  pass  from  the  one  to  the  other.  Kegnault  proposed  the  fol- 
lowing formula  for  expressing  this  relation: 

x=f—A{t  —  t^)p 

in  which    x  =  the  vapor  tension  at  the  dew-point  ten^ratnre. 

/=  the  vapor  tension  at  the  wet-bulb  temperature,  in  saturated  air. 
A=sk  constant  to  be  determined  by  experiment. 
^=air  temperature, 
i^s^wet-bulb  temperature. 
p=air  pressure. 
By  a  long  series  of  experiments  with  a  Regnault's  hygrometer  and  sling  psychrometer 
(shortly  to  be  described)  the  value  of  ^  was  determined  as  .00068.     Another  formula 
has  been  determined  by  Professor  Ferrel  from  experiments  which  gives  nearly  identical 
results: 

a:^/-.000  367  p  («0  (l  +  J^). 

Experiment  shows  that  there  is  no  difference  in  the  results  whether  the  bulb  be 
covered  with  water  or  ice.  In  order  to  make  the  above  formula  available  for  practical 
use  it  is  necessary  to  prepare  tables  from  which  the  necessary  quantity  may  be  taken 
after  determining  i  and  t\  A  laige  number  of  tables  have  been  devised  for  this  purpose, 
giving  the  vapor  tension,  absolute  humidity,  dew-point,  relative  humidity,  and  dryness. 
The  tables  in  this  book  are  so  arranged  that  all  the  above  quantities  may  be  obtained 
as  one  wishes.  It  has  been  decided  to  construct  the  table  so  that  the  dew-point  and  the 
relative  humidity  may  be  taken  from  it  at  a  glance.  The  dew-point  on  many  accounts 
is  the  most  important  element  a  farmer  desires,  and  moreover,  having  given  this,  the 
vapor  tension  may  be  taken  from  the  same  table,  and  a  small  supplementary  table 
will  give  the  absolnte  humidity  or  grains  of  moisture  i>er  cubic  foot.  The  so-called 
''diyness  **  of  the  air  may  also  be  obtained  by  subtracting  the  dew-point  from  the  air 
temperature,  though  as  this  difference  gives  almost  precisely  the  same  result  as  the 
relative  hamidity  both  are  hardly  needed. 
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The  variation  of  the  dew-poiut  with  this  air-preasure  is  slight  ap  to  2,000  feet,  and 
entirely  within  the  errors  of  observation,  yet  if  any  one  desires  to  apply  this  refinement 
it  can  be  done  by  the  use  of  the  supplementary  table.  Instrnciious  for  the  use  of  the 
tables  and  fall  illnstration  will  be  found  immediately  preceeding  the  tables.   (See  p.  901. ) 

self-hegisteqino  thermombtees. 

The  use  of  maximum  and  minimum  thermometers  is  very  important,  as  it  enables  ns 
to  determine  not  only  the  hi<$hest  and  lowest  temperature  each  day,  bat  the  mean  of 
these  two  temperatures  also  gives  nearly  (not  more  than  .2°  to  .4*^  above)  the  monthly 
mean  temperatare.  The  maximum  thermometer,  as  commonly  used  in  this  country, 
consists  of  an  ordinary  instrument  with  its  stem  constricted  near  the  bulb.  This  ther- 
mometer is  placed  in  u  position  slightly  inclined  toward  the  bulb;  while  the  constriction 
readily  allows  the  mercury  to  pass  with  a  rising  temperatare,  yet  it  prevents  all  passage 
back  to  the  bulb.  The  end  of  the  column  then  indicates  the  highest  temperature  ex- 
perienced during  the  twenty-four  hoars.  Insetting  this  thermometer  for  an  observa- 
tion it  should  be  allowed  to  hang  vertical,  when  a  single  stroke  from  the  pin  will  caose 
the  mercury  to  drop  into  the  bulb.  If  this  does  not  occur  then  the  instrument  must  be 
fin^asped  at  its  point  of  suspension  and  twirled  rapidly.  Care  should  be  taken  to  see  that 
the  screw  holding  the  thermometer  upon  the  post  is  sufficiently  tight  to  prevent  the 
thermometer  striking  the  board  or  any  other  projection  near  it. 

The  minimum  thermometer  should  be  hung  nearly  horizontal  and  should  be  set  by 
tipping  up  the  bulb  end  till  the  index  reaches  the  end  of  the  column.  The  end  of  the 
index  nearest  the  end  of  the  alcohol  column  is  the  one  to  be  read.  Care  must  be  taken 
not  to  bring  the  hand  near  the  balbs  of  either  the  maximum  or  minimum  thermometers 
in  setting  them.  A  comparison  between  the  end  of  the  alcohol  column  and  the  temper- 
ature, of  the  dry-bulb  should  be  made  at  the  end  of  each  month  and  entered  on  the 
record.  The  same  may  be  done  in  the  case  of  the  maximum;  that  is,  set  the  maximum 
and  then  compare,  or  else  read  both  maximum  and  dry-bulb  when  the  column  is  rising 
in  both  and  record  the  comparison. 

BEADINQ  INSTRUMENTS. 

In  reading  any  and  all  instruments,  whether  thermometers  or  barometers,  it  is  essen- 
tial to  bring  the  eye  so  that  the  line  from  the  eye  to  the  end  of  the  column  shall  be  hor- 
izontal. This  is  most  important  in  case  the  thermometer  is  graduated  only  on  the  brass 
scale  behind  the  tube,  as  a  little  variation  in  the  position  of  the  eye  above  or  below  the 
line  of  graduation  will  make  a  large  difference  in  the  reading.  A  little  care  shonld  be 
taken  in  the  reading  to  note  exactly  the  number  of  degrees  that  the  thermometer  indi- 
cates. It  has  been  found  that  frequently  errors  of  5°  creep  in  from  a  want  of  care  in  this 
respect.  A  little  practice  will  enable  any  one  to  split  the  degree  into  tenths;  t.  c,  to 
regard  the  space  as  divided  int^ten  equal  parts  and  to  take  the  nearest  tenth  that  the 
instrument  indicates  for  record. 

THERMOMETER  EXPOSURE. 

Suggestions  have  already  been  given  as  to  the  proper  place,  in  any  region,  where 
exposures  should  be  made  in  order  to  obtain  general  conditions  over  the  r^ion.  Second 
in  importance  is  the  question  of  the  immediate  environment  of  the  thermometer  which 
shall  be  most  likely  to  give  the  true  air  tempemture.  This  question  has  been  most 
carefully  investigated,  and  the  following  suggestions  are  made  for  the  guidance  of  all 
concerned: 

(1)  The  most  important  consideration  is  as  full  and  free  natural  ventilation  as  is  pos- 
sible. This  U  essential  even  if  an  artificial  ventilation  be  employed  for  the  dry  and  wet 
bulbs.  Since  the  maximum  and  minumum  temperatures  are  necessarily  unventilated, 
the  shelter  itself  should  give  accurate  results  for  these. 

(2)  Provision  should  be  made  to  avoid  effects  of  direct  solar  radiation,  and  also  of  heat 
reflected  and  radiated  from  surrounding  objects. 

(3j  Rain  should  be  excluded  but  only,  as  farasx)088ible,  in  connection  with  (1).  Dur- 
ing a  rain-storm  the  dry  and  wet  bulbs  must  necessarily  give  the  same  values,  the  air 
being  saturated;  hence  a  wetting  at  this  time  is  not  harmful. 

(4)  All  permanent  heating  effects  from  warm  walls,  chimneys,  &c.,  should  be  care- 
fully avoided. 

SLING  PSYCHROMETER. 

• 

For  values  of  dry  and  wet  bulb  temperatures  the  most  accurate  method  yet  devised 
consists  in  the  use  of  dry  and  wet  bulb  thermometers  fhstened  together  and  quite  rapidly 
whirled  by  a  strin^;  held  in  the  hand  or  by  means  of  a  handle  specially  constructed.  Any 
one  may  very  readily  prepare  this  instrument.  The  thermometers  may  be  iastened  back 
to  back  or  side  by  side,  the  wet  bulb  an  inch  or  so  lower  than  the  dry;  then  a  rather 
strong  wire  or  a  good  many  folds  of  a  thinner  one  should  be  passed  through  the  hole  at 
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Um  top  of  flw  actio,  and  to  tbls  a  stoat  cord  oboat  13  inchca  Xodr  nhould  bo  litsteDed. 
A  glo*o  finger  will  serve  to  protect  tha  finger  while  whirling.  The  method  of  use  is 
TeiT  simple.  Firat  wet  the  tousliD  bj  immeraion  nod  nitit  alxtat  a  niionte  till  the  wet 
bnlb  hM  lUlen  somewhat  (thig  Is  nKjciully  neccnsary  in  a  very  dry  air,  as  otherwine  the 
itmallii  may  become  dry  before  it  tins  reached  its  lowest  readiog),  then  whirl  the  ther- 
mometers i^Qt  5U  time9,  stop  and  read  the  «ret  balb,  then  whirl  20  times  and  again 
TCttd.  Ir  the  temperotare  of  the  wet  bnlb  has  not  changed  it  may  be  considered  as  the 
Gonecb  valoe.  IT  there  h^  been  a  change  to  a  lower  rending  continoe  the  alternate 
whirling  and  readinguntil  the  wet  bat  breaches  ita  lowestreadlDgor  one  slightly  higher 
than  the  one  previous.  The  lowest  reading  is  to  be  recorded.  A  velocity  of  12  feet  per 
aeeond  it  ample. 

Great  care  shonid  betaken  never  to  allow  the  mnsHn  to  became  dry  or  even  partly  so. 
At  night  the  whirling  may  be  done  at  any  convenient  spot  where  there  is  a  good  ventila- 
tion. The  temperature  should  betaken  at  least  C  feetabovesodor  at  any  height  greater 
than  that.  If  there  is  a  wind  blowing  the  observer  slionld  stand  to  the  iaewojrd;  if  there 
ia  DO  wind,  in  cool  weather,  it  may  b«  necessary  to  walkabout  while  whirling  in  order  to 
oreroome  any  possible  vitiation  from  the  heat  ofthe  body.  When  the  snn  is  Bhiuiug,  in 
the  daytime,  the  t«mperatnre  shoalil  be  taken  in  the  shade  of  a  small  object,  high  tree, 
or  even  nmbrello,  but  not  in  the  shade  of  a  wall  or  large  honse.  Tbeuse  of  this  instrn- 
meut  when  the  wet  bnlb  is  covered  with  ice  is  specially  satis&ctory.  The  lowest  read- 
ing at  any  time  may  be  obtained  in  three  minntes,  while  with  a  rather  close  window 
shelter,  when  the  air  is  still,  it  will  require  a  delay  of  an  boor  for  even  an  approximate 
Tslne.  Thia  iostmment  ia  ezcluaively  nsed  in  at  least  one  European  bureau. 
FIXED  SHELTER. 

Por  maximum  and  minimnm  readings,  and  for  nse  of  those  obaervers  who  regard  the 
aUng  too  troublesome,  a  fixed  shelter  is  needed.    The  following  drawings  and  apedfica- 

'- «  for  a  shelter  adopted  by  the  Signal  Service  after  several  yeara'  cftreAil  experi- 

a  with  difierent  arms. 

Fro.  1. 
DESIGN   FOR   THERMOMETER   SHELTER. 


rbe  oocompBiirlnK  drawing* 
^wlng  dcaonptlon  iiwIUod: 
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■Lghlhu-inch  ptnu.    The  re 


the  Bbeller,  aed  tlie  fol- 


high,  oTS-inch  pine,  the  comcra  to 

tupanilliattoairallalolieXliy3lnchES,  Theballom 
.TiabB  double,  of  toKKue  Knd  Rroove  boards,  joints 
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lensth  of  Ibe  Hide,  and  to  open  down  In  front.    The  nldeii  to  be  of  blind  irorbi.  the  »>atm  of  while 

Tba  ^IManee  ftsm  oenlerlo  oenler  to  be  il  Incbea.  Kuch  alal to  have  aslrip  one-half  inch  wideaod 
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Iw  made  In  four  parts,  and  to  he  fnmlihed  »Hh  Krewa  for  pultins  tncetlipr.    Tlie  bottom  to  have 

«ned  to  long  alrlpe acrewed  to  the  righland  leflrallaof  the  rrame,  wllhaMrip  1  t^'si  Inche*  between 
Iboae  (br  the  tbertDometen-    The  Innide  to  have  one  Kood  coat  of  while  pAlnt  and  the  ouWde  two 
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It  will  be  noted  that  the  first  consideration  mentioned  above  is  nearly  fulfilled  is 
this  shelter.  The  rain  is  exdnded  in  all  cases  except  with  high  winds  and  mists.  Thi» 
shelter  should  be  exposed  upon  a  free  grass  plat  where  there  is  no  obstmction  to  the  wind, 
and  at  a  height  of  at  least  10  feet  above  the  sod.  An  exposure  from  the  roof  of  a  build- 
ing is  not  objectionable,  provided  a  platform  20  feet  square  be  first  laid  and  the  shelter 
be  raised  8  feet  above  the  roof.  The  good  ventilation  of  a  roof  is  specially  valuable. 
An  exposure  4  feet  above  sod,  especially  among  trees  or  where  there  is  very  little  natural 
ventilation,  is  objectionable  fh>m  the  &ct  that  under  such  conditions  radiation  ftom  the 
sod  into  space  abnormally  cools  the  sod,  and  that  in  turn  cools  the  air  above  it.  This 
effect  is  specially  active  at  and  a  few  hours  after  sunset.  The  expense  of  such  an  ex- 
posure as  that  just  described  may  deter  many  observers  from  adopting  it,  and  in  such 
case  the  following  substitute  is  suggested: 


WINDOW  OB  WALL  8HBLTEB. 

Ab  its  name  implies  this  may  be  used  from  the  inside  of  a  house  or  it  may  be  placed 
upon  a  wall  and  read  from  the  outside;  in  either  case  the  protection  for  the  thermome- 
ters is  the  same  and  may  be  very  easily  prepared  by  any  one.  Ordinarily  a  wall — which 
should  invariably  be  one  looking  due  north  or  only  a  few  degrees  to  the  east  or  west — 
will  give  too  low  temperature  by  day,  except  possibly  in  winter,  and  always  too  high 
temperature  by  night.  The  reason  for  this  is  not  far  to  seek.  During  the  daytime  a 
large  wall  does  not  gain  the  temperature  of  the  free  air  but  is  nearly  always  below  it, 
while  the  reverse  is  true  nt  night. 

These  conditions  are  specially  prominent  in  the  case  of  a  large  brick  or  stone  wall.  The 
two  effects  above  may  bo  partly  counterbalanced  by  the  following  considerations:  First, 
the  effect  of  the  coolness  of  the  wall  by  day  may  be  offiset  by  heat  reflected  and  radiated 

fh>m  other  walls  or  surroundings ;  second,  the  warmth  at  night  may  be 
ofiset  in  like  manner  by  radiation  to  the  sky.   This  will  readily  suggest 
a  form  of  exposure  adopted  by  many,  one  very  easy  to  manage  and 
H  having  the  least  expense  of  any.    Select  a  north  window,  preferably 

'1         nOh*  ^^  ^^  unoccupied  room,  especially  in  winter.     Fasten  the  blinds 
"T I  open  at  right  angles  to  the  wall  of  the  house  in  order  to  shield  from 

' '  the  effects  of  the  direct  solar  radiation  on  the  north  side  both  morn- 

ing and  evening.  Fasten  a  narrow  strip,  perhaps  3  inches  wide, 
across  the  window  Outside  and  from  8  to  12  inches  from  the  window 
pane;  to  this  fasten  the  thermometers.  Some  difficulty  will  be  ex- 
perienced in  setting  the  maximum  thermometer  and  in  wettiniiir  the 
wet  bulb  if  the  room  is  occupied,  as  the  heated  air  in  winter  will 
disarrange  the  readings  of  the  self-registering  thermometers.  This 
may  be  partially  obviated  by  opening  the  upper  window  and  con- 
ducting all  operations  through  it.  In  this  case  the  heated  air  rises 
and  does  not  affect  the  readings.  If  there  is  no  wind,  or  if  the  wind 
is  south,  the  greatest  disadvantage  arising  fh>m  this  exposure  will 
be  the  lack  of  ventilation  of  the  wet  bulb.  This  may  be  partly 
obviated  by  working  a  fan  hinged  near  the  wet  bulb  and  operated 
by  a  handle  in  the  room. 
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PBESSUBB  OF  THE  AIB. 


The  Toricellian  tube  furnishes  the  means  of  measuring  the  amoant 
of  the  atmospheric  pressure  at  any  moment;  and  this  pressure  may 
be  expressed  by  the  height  of  the  column  of  mercury  which  it  sup- 
ports. Such  an  instrument  is  called  a  barometer.  In  order  that  its 
indications  may  be  accurate,  several  precautions  must  be  observed. 
In  the  first  place,  the  kind  of  liquid  used  in  different  barometers 
must  be  identical,  for  the  height  of  the  column  supported  naturally 
depends  upon  the  density  of  the  liquid  employed,  and  if  this  varies 
the  observations  made  with  different  instruments  wiU  not  be  oom- 
parable. 

The  mercury  employed  should  be  chemically  pure.  The  baro- 
metric tube  is  filled  nearly  fhll,  and  is  tben  placed  upon  a  alopim; 
Aimace  and  heated  until  the  mercury  boils.  The  object  of  this 
process  is  to  expel  the  air  and  moisture  which  may  be  contained 
in  the  mercurial  column,- and  which,  without  this  precaution,  would 

gradually  ascend  into  the  vacuum  above,  cause  a  downward  pressure  of  unknown  amount, 

and  prevent  the  mercury  from  rising  to  the  proper  height. 
The  next  step  is  to  fill  up  the  tube  with  pure  mercury,  taking  care  not  to  introdace 
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any  babble  of  air.  The  tube  is  then  inverted  in  a  cistemi  likewise  containing  pme 
mercoiy  recently  boiled,  and  is  firmly  fixed  in  a  vertical  position.  This  is  a  fixed 
barometer,  and  in  order  to  ascertain  the  atmospheric  pressnre  at  any  moment  it  is  only 
ueceasary  to  measure  the  height  of  the  top  of  the  column  of  mercnry  above  the  sor&ce 
of  the  mercury  in  the  cistern.  For  this  purpose  an  ivoiy  point,  the  lower  extremity  of 
which  is  the  zero  of  the  scale,  is  fixed  to  the  frame-work  of  the  instrument,  on  the  npper 
portion  of  which  is  the  graduated  scale  and  vernier.  The  mercury  in  the  cistern  is 
brought  in  contact  with  the  ivory  point  and  the  vernier  of  the  scale  is  adjusted  to  the 
top  of  the  column;  the  reading  of  the  scale  will  then  give  the  height  of  the  column  of 
mercury. 

Placing, — The  barometer  should  be  placed  in  a  room  of  a  temperature  as  uniform  as 
possible,  and  not  exposed  to  the  sun.  It  must  be  suspended  so  that  the  top  of  the 
column  will  be  at  the  height  of  the  eye,  near  a  window,  in  such  a  manner  as  to  be 
lighted  perfectly  without  exposure  either  to  the  direct  rays  of  the  sun  or  to  the  currents 
of  the  air  which  always  take  place  at  the  joinings  of  the  windows.  When  the  barome- 
ter has  to  be  fixed  to  the  wall,  as  is  the  case  wiSi  all  the  self-recording  and  some  other 
barometers,  care  must  be  taken  to  secure  the  tube  in  a  position  perfectly  vertical,  regu- 
lating it  by  the  plumb-line,  first  in  the  front,  then  at  the  sides,  at  least  in  two  vertical 
planes  cutting  each  other  at  right  angles.  When  the  instrument  is  so  constructed  as  to 
take  its  equilibrium  itself,  as  the  Fortin  barometers  and  those  of  J.  Green,  it  is  enouj^ 
tu  hoDg  it  on  a  strong  hook.  These  conditions  being  fulfilled,  the  rest  of  the  arrange- 
ment may  be  varied  according  to  the  nature  of  the  localities.  For  the  Fortin  and  Green 
biirometers  the  following  arrangement  is  convenient,  and  may  be  almost  everywhere 
adopted.     (See  Fig.  2.) 

A  small  oblong  box  (a  6),  some  inches  longer  than  the  barometer,  and  a  little  broader 
than  its  cistern,  is  firmly  set  against  the  wall  (to  «/),  near  the  window,  in  such  a  man- 
ner 08  to  open  in  a  direction  parallel  to  the  panes ;  at  the  summit  (a)  it  has  a  strong 
hook  (A  h^)j  which  extends  beyond  the  box  about  2  or  3  inches,  and  on  which  the 
barometer  is  suspended.  The  instrument  remains  generally  in  the  box,  which  is  dosed 
by  u  movable  cover,  and  which  protects  it  from  external  usuries,  from  dust,  and  fh>m 
the  direct  radiation  of  warm  bodies,  or  the  currents  of  air  fiom  the  window,  and  dimin- 
iHhcs  the  effect  of  the  too  sudden  variations  of  temperature.  When  it  is  to  be  observed, 
the  barometer  is  taken  by  the  upper  end  of  the  tube,  and  the  suspending  ring  is  made, 
to  slide  towards  the  end  of  the  hook.  The  instrument  is  then  in  the  full  light  of  the 
window,  in  front  of  which  the  observer  places  himself;  the  summit  of  the  mercurial 
column,  OS  well  as  the  surface  of  the  mercury  in  the  cistern,  are  completely  lighted,  and 
the  reading  becomes  easy  and  certain.  Moreover,  the  slight  oscillating  movement  im- 
pressed on  the  instrument,  by  changing  its  place,  breaks  the  adherence  of  the  mercury 
to  the  glass,  and  thus  prepares  a  good  observation.  After  the  reading,  the  barometer  is 
again  slipped  gently  into  the  box,  and  this  is  closed. 

It  has  been  found  that  even  with  the  exercise  of  care  the  barometer  cistern  strikes 
against  the  box  when  it  is  pushed  in,  and  in  consequence  the  instrument  deteriorates 
quite  rapidly.  To  avoid  all  possibility  of  injury  from  this  cause  it  is  only  necessary  to 
mako  two  oblong  openings  in  the  back  of  the  box,  one  just  at  the  ivory  point  t^ut  3 
inches  long,  and  the  other  at  l^e  vernier  some  8  inches  long,  and  place  in  these  plates 
of  glass.  If  now  the  barometer  box  be  suspended  vertically  in  a  north  window  it  will 
be  a  very  simple  matter,  to  make  readings  by  opening  the  box  and  a4i  listing  the  mercury 
to  the  ivory  pointy  and  the  vernier  to  the  top  of  the  column,  without  moving  the  hi- 
rometer. 

Observation, — Note  the  degree  and  the  tenths  of  degreesof  the  thermometer  attached  to 
the  instrument;  for  it  will  be  seen  that  the  heat  of  the  observer's  body  soon  makes  it  rise. 

Incline  the  instrument  gently,  so  as  to  render  the  mercurial  column  very  movable; 
then,  after  having  restored  it  to  rest,  strike  several  slight  blows  upon  the  casing,  in  such 
a  manner  as  to  impress  on  the  mercury  gentle  vibrations.  The  adherence  of  the  mer- 
cury to  the  glass  will  thus  be  destroyed,  and  the  column  will  take  its  true  equilibrium. 

Bring,  by  means  of  the  adjusting  screw  at  the  bottom,  the  surface  of  the  mercury  to 
the  zero  of  the  scale. 

In  the  barometers  with  an  ivory  point,  as  the  Fortin,  Newman,  and  Green  barometers, 
the  extremity  of  this  point  is  the  zero  of  the  scale,  which  must  be  brought  into  exact 
contact  vnth  the  surJbce  of  the  mercury.  This  takes  place  when  the  point  coincides 
exactly  with  its  image  refiected  below  by  the  mercury.  This  method  is  very  good  when 
the  surface  of  the  mercury  is  perfectly  pure  and  brilliant.  It  is  generally  dimmed  by 
a  slight  layer  of  oxide,  which  makes  the  coincidence  of  the  point  with  its  image  uncer- 
tain. It  is  safer  to  j  udge  of  the  contact  in  a  different  manner.  From  the  moment  when 
the  point  does  more  than  touch  the  snrfiioe,  it  forms  around  itself,  by  capillary  action,  a 
small  depression,  which,  breaking  the  direction  of  the  refiected  rays,  becomes  inunedi« 
ately  very  easy  to  discover.    It  S  enough,  then,  to  raise  the  mercury  so  as  adightly  to 
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immerse  the  point;  then  to  lower  it  gradually  until  the  little  depression  dUappean.  If 
care  is  taken  to  make  a  good  light  fall  on  that  portion  of  the  mercury  which  is  under 
the  point,  and  to  use  the  aid  of  a  magnifier,  the  aAJustment  of  the  point  thus  made  be- 
comes not  only  easy,  but  very  certain,  and  the  errors  to  which  we  are  liable  are  almost 
insensible,  for  they  do  not  exceed  two  or  three  hundredths  of  a  millimeter,  or  a  thou- 
sandth of  an  inch. 

The  level  being  thus  adjusted  to  the  zero  of  the  scale,  proceed  to  observe  the  height 
of  the  summit  of  the  column.  Take  hold  of  the  instrument  with  the  left  hand,  above 
the  attached  thermometer,  without  moving  it  from  the  vertical;  tap  it  gently  in  the 
neighborhood  of  the  top  of  the  column;  then,  by  means  of  the  screw,  lower  the  slide 
which  carries  the  vernier,  until  the  plane  passing  through  the  two  lower  opposite  edges 
of  it  is  exactly  tangent  to  the  summit  of  the  meniacua — that  is,  the  convexity  whidi 
terminates  the  column.  This  is  the  case  when,  placing  the  eye  exactly  at  the  heif^t  of 
the  summit  of  the  column,  the  summit  of  the  column  is  seen  without  there  being  any 
trace  of  light  between  the  summit  and  tbe  edge  of  the  ring.  To  be  certain  that  the 
barometer  has  remained  quite  vertical  during  its  operation,  leave  it  to  itself,  and.  when 
it  is  at  rest,  look  again  to  see  whether  the  ring  has  remained  tangential  to  the  summit  of 
the  column.  If  it  has  not,  the  verticality  has  been  disturbed;  it  must  be  a^juated 
anew.  It  is  necessary,  at  the  same  time,  to  examine  if  the  a^'ustment  of  the  surfiice  of 
the  mercury  in  the  cistern  has  remained  the  same. 

Nothing  more,  then,  remains  than  to  read  the  instrument.  In  the  English  barome- 
ters the  inches  and  tenths  of  inches  are  read  directly  on  the  scale,  the  hundredths  and 
thousandths  on  the  vernier.  In  the  French  barometers,  with  the  metrical  scale,  the 
centimeters  and  millimeters  aro  read  on  the  scale,  and  the  fractions  of  millimeters  on  the 
vernier. 

THE  VJEBNIER. 

The  vernier  is  a  contrivance  for  measuring  fractional  portions  of  one  of  the  equal  qpaoes 
into  which  a  scale  or,  as  commonly  known,  a  limb  is  divided.  It  may  seem  a  little  diffi- 
cult at  first  to  learn  to  read  a  vernier,  but  carefhl  attention  to  the  following  oonaider%- 
tions  will  enable  any  one  to  read  the  most  complicated.  We  will  call  the  fixed  portion 
of  the  barometer,  which  is  divided  into  equal  parts,  titie  scale,  and  the  part  whi<di  moves 
upon  it  by  means  of  the  screw  and  ratchet,  the  vernier.  A  simple  inspection  will  indi- 
cate the  naturo  of  the  spaces  or  equal  parts  of  the  scale.  In  the  common  barometer 
these  are  inches  and  tenths,  or  centimeters  and  millimeters.  Ordinarily  the  spaces  on 
the  whole  length  of  the  vernier  are  one  more  than  on  the  part  of  the  scale  which  it 
covers;  t.  e.,  if  the  vernier  has  ten  spaces  the  scale  has  nine  in  the  same  Imigth.  De- 
termine the  value  of  the  smallest  space  on  the  scale  (in  the  common  Green  barometer 
this  is  one-tenth  inch),  divide  this  by  the  number  of  spaces  on  the  vernier,  and  we  get 
immediately  the  least  count  of  the  vernier.  We  have  then  the  following  rule:  The  least 
count  of  a  vernier  is  equal  to  one  of  the  spaces  of  the  scale  divided  by  the  nnmbtf  of 
equal  parts  on  the  vernier. 

The  reading  of  the  instrument  depends  on  the  distance  from  the  zero  point  or  the  be- 
ginning of  the  scale  to  the  zero  point  of  the  vernier.  If  we  take  a  vernier  and  make  its 
zero  point  coincide  with  one  of  the  divisions  on  the  scale  we  shall  find  the  second  line 
exactly  the  least  count  of  the  vernier  below  the  second  line  of  the  scale;  or,  in  other  words, 
if  we  move  the  vernier  until  its  second  line  coincides  with  the  one  just  above  the  first 
line  on  the  scale,  just  referred  to,  we  shall  move  the  zero  just  the  least  count  above  its 
first  position.  In  the  same  way  the  zero  of  the  vernier  may  be  made  to  coincide  with 
other  divisions  on  the  limb,  and  the  distance  moved  will  depend  on  the  number  of  the 
line  on  the  vernier  above  its  zero  which  is  coincident  with  the  line  on  the  Stele.  We 
have  then  the  simple  rule  for  reading  a  vernier.  Read  the  scale  up  fipom  its  zero,  or  in 
the  direction  in  which  the  figures  on  the  graduations  increase  up  to  that  line  of  the  scale 
just  below  the  zero  of  the  vernier.  Call  this  the  reading  of  the  scale.  Find  the  nam- 
ber  of  the  line  on  the  vernier,  counting  the  first  line  above  the  zero  as  1,  which  ooiocides 
most  nearly  with  a  line  on  the  scale,  multiply  the  least  count  of  the  vernier  by  this 
number,  this  will  give  the  reading  on  the  vernier;  the  sum  of  these  two  readings  is  the 
reading  of  tho  instrument. 

These  two  rules  will  enable  any  one  to  read  the  most  complicated  vernier  though  he 
may  never  have  seen  it  before.    The  description  takes  more  time  than  the  actual  readinig. 

The  observer  is  advised  to  test  his  ability  to  read  the  vernier  by  setting  it  at  various 
points  and  then  reading.  After  a  time  one  reads  the  vernier  naturally,  without  being 
obliged  to  follow  any.  fixed  rules.  It  will  seldom  occur  that  a  line  on  the  vernier  ex- 
actly coincides  with  one  on  the  scale,  and  after  a  little  practice  one  will  be  able  readily 
to  split  the  least  count;  for  example,  if  any  two  contiguous  lines  of  the  vernier  lie  be- 
tween and  exactly  equidistant  from  two  on  the  scale,  the  least  count  will  be  exactly 
halved.  It  is  a  very  good  plan,  in  order  to  avoid  serious  mistakes,  at  first  to  estimato 
the  position  of  the  zero  line  of  the  vernier  on  the  scale,  this  will  give  the  ^pproziaiale 
value  of  the  reading  and  will  check  the  reading  made  from  the  vernier. 
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To  read  the  vemier,  we  must  look  out  for  the  line  that  coincides  with  one  of  the  di 
visions  of  the  scale.  The  number  of  this  division  of  the  vernier,  proceeding  from  zero, 
indicates  the  number  of  tenths  of  raillimeterB,  or  of  hundredths  of  an  inch,  which  must 
be  added  to  the  whole  number  given  by  the  scale.  If  none  of  the  divisions  of  the  scale 
coincides  exactly,  we  estimate  by  the  eye,  in  decimals,  the  quantity  by  which  the  ver- 
nier must  be  lowered  to  obtain  a  coincidence,  and  this  is  added  to  the  fraction  already 
obtained.  This  will  be  hundredths  of  millimeters  in  the  metrical  barometer,  and  thou- 
sandths of  inches  in  the  English  barometers. 

The  following  figures  will  serve  as  an  example;  the  instrument  is  an  English  barom- 
eter: 

In  Fig.  3  the  regulating  line,  which  U  the  lower  edge  of  the  vernier  ring,  coincides 
exactly  with  the  line  of  thirty  inches  ou  the  scale.  The  zero  and  the  tenth  division  of 
the  vernier  are  also  in  exact  coincidence;  that  is  to  Kiy,  there  is  no  fraction.  We  shall 
read  then  30.000  inches. 

In  Fig.  4  the  regulating  line  does  not  fall  upon  any  of  the  divisions  of  the  scale,  but 
between  twenty-nine  inches  and  two- tenths  and  twenty-nine  inches  and  three- tenths  of 
an  inch.  There  is  then  a  fraction  which  must  be  read  on  the  vernier.  Seeking  which 
of  these  divisions  coincides  with  that  of  the  scale,  we  find  that  it  is  the  fifth;  we  shall 
write  then  29.250  inches. 
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In  Fig.  5  we  flee  that  the  height  falls  between  thirty  inches  and  thirty  inches  and  one- 
tenth;  no  line  of  the  vernier  also  coincides  exactly;  but  the  line  7  is  a  little  above,  the 
line  8  is  a  litUe  below,  one  of  the  lines  of  the  scale;  the  fraction  falls,  then,  between 
seven  and  eight  hundredths.  Estimating  in  tenths  the  distance  the  vernier  passes  over 
between  the  coincidence  of  seven  and  that  of  eight,  the  tenths  of  a  hundredth,  or  the 
thousandths  are  obtained.  In  the  latter  case  the  distance  above  seven  is  less  than  the 
half;  it  will  read  then,  30.073.  It  will  always  be  easy  to  judge  whether  the  top  ap- 
proaches nearer  the  upper  coincidence  than  the  lower  coincidence;  in  the  former  case  the 
fraction  is  greater  than  .005;  in  the  latter  it  is  smaller  than  .005.  The  error  which  will 
be  committed  in  this  estimate  will  remain  less  than  .005;  with  practice  and  a  little 
skill  it  will  hardly  ever  exceed  .002,  always  supposing  the  scale  is  well  graduated.  For 
this  reading,  as  well  as  for  the  others,  it  is  particularly  important  to  have  the  eye  exactly 
at  the  height  of  the  line  to  be  determined. 

During  the  whole  time  of  the  observation  of  the  barometer  the  observer  must  endeavor 
to  protect  it  as  much  as  possible  fh>m  the  heat  which  radiates  from  his  body.  But  the 
best  way  is  to  learn  to  observe  rapidly.  All  the  operations  take  longer  to  describe  than 
to  execute;  one  or  two  minutes,  if  the  instrument  be  in  place,  three  minutes,  if  it  is  to 
be  taken  fh>m  its  ca6e  and  put  back  again,  are  sufficient  for  a  practiced  observer  to  make 
a  good  observation. 
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BTANDABD  BABOHETKB. 

The  foUowuig  ie  a  deecription  of  &n  improved  ataudard  baiometer. 

The  bnnmieter  oouaiste  of  a  brass  tnbe  (Pig.  S)  tenui- 
nating  at  top  in  a  ring  A,  for  snapenaion,  and  at  bottom 
in  a  flange  B,  to  which  the  several  parts  fomiing  the 
ciBt«ni  are  attached. 

The  npper  pert  of  this  tabe  ia  cat  throng  so  as  to 
expOM  the  glasa  tube  and  mercarial  colDma  within,  seen 
in  Fig.  7.  Attached  at  one  aide  of  this  opening  ia  a 
scale,  graduated  iu  inches  and  parts ;  and  inside  this 
slides  a  short  tube  C,  connected  to  a  rackwork  arrange- 
ment, moved  b;  a  milled  head  D;  thisslidingtabecairieB 
a  vernier  in  contact  with  the  scale,  which  rods  off  to  ^^ 
(.003)  of  an  inch. 

In  the  middle  of  the  brass  tnbe  is  flxed  the  thermom- 
eter E,  the  bulb  of  which  being  eitemally  covered,  but 
inwardly  open,  and  nearly  in  contact  with  the  glaas  tube, 
indicates  the  temperature  of  the  mercury  in  &e  barom- 
eter tnbe,  not  tbatof  the  external  air.  Tbisceutial  posi- 
tion of  the  thermometer  ia  selected  that  the  metui  tem- 
perature of  the  whole  column  may  be  obt^ned,  a  matter 
of  importance,  as  the  tiimperatnie  of  the  barametric 
column  must  be  taken  into  account  in  every  sdeiitific 
application  of  its  obgerved  height 

The  cistern  (Fig.  7)  is  made  up  of  a  glass  cylinder  F, 
which  allows  the  surface  of  the  mercury  ^  to  be  seen,  and 
a  top  plate  G,  through  the  neck  of  which  the  barDmeter- 
)  tube  1  passes,  and  to  which  it  is  fastened  by  a  piece  of 
kid  leather,  making  a  strong  but  flexible  joint.  To  this 
plate,  also,  is  attached  a  small  ivory  point  A,  the  extrem- 
ity of  which  marks  the  commencement  or  zero  of  the 
scale  above.  The  lower  part,  containing  the  mercniy, 
in  which  the  end  of  the  batomeler-tnbe  t  is  plunged,  is 
formed  of  two  parts  i  j,  held  together  by  four  screws  and 
two  divided  rings  I  m,  in  the  manner  shown  in  Figure 
7.  To  the  lower  piece  j  ia  faatened  the  flexibte  tiag  . 
N,  made  of  kid  leather,  furnished  in  the  middle  witli 
a  socket  k,  which  resta  on  the  end  of  the  adjusting  screw 
O.  Thei<e  parte,  with  the  glass  cylinder  F,  are  clamped 
to  the  flange  B  bj  means  of  lijur  long  screws  F  and  the 
ling  R;  on  the  ring  R  screws  the  cap  S,  which  covers 
the  lower  parts  of  the  cistern,  and  supports  at  the  end 
the  adjusting  screw  O.  G,  i,  j,  and  k.  are  of  boxwood; 
the  other  parts  of  brass  or  German  silver.  The  screw  O 
serves  totujjuat  the  mercury  to  the  ivory  point,  and  also, 
by  raising  the  bag,  so  as  to  completely  fill  the  cistern  and 
tnbe  with  mercury,  to  pnt  the  instrument  in  condition 
for  transportation. 
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CORRECTION  OF  BAROMETRIC  OBSERVATIONS. 

Corrections  must  be  applied  to  all  barometer  readings  in  order  to  bring  the  indications 
of  dififerent  instrumento  into  harmony  with  each  other  before  they  can  be  naed  for  scien- 
tific purposes.  Some  of  these  corrections  have  reference  to  the  special  instniDaent,  while 
others  are  applied  to  the  reading  of  any  instrument  taken  under  the  same  conditions. 
The  corrections  of  the  Ibrmer  class  are  two  in  number: 

I.  Instrumental  error. 
II.  Capillarity.  * 

Those  of  the  latter  dass  are  also  two: 

III.  Temperature. 

IV.  Altitude  above  sea-level. 

I.  Correction  for  instrumental  error.  This  is  applied  according  to  the  error  disooveied 
in  the  individual  instrument  when  compared  with  the  standard.  It  is  either  additive 
(+)  if  the  barometer  reads  too  low,  or  subtract! ve  ( — )  if  it  reads  too  high. 

II.  Correction  for  capillarity.  The  indications  of  barometers  are  affected  by  tJie  capil- 
lary action  between  the  glass  tube  and  the  mercury,  the  effect  of  which  is  constantly  to 
depress  the  mercury  by  a  certain  quantity  nem'ly  inversely  proportional  to  the  diameter 
of  the  tube. 

The  correction,  therefore,  is  always  additive. 

This  depression  is  greater  in  tubes  in  which  the  mercury  has  not  been  boiled  than  in 
those  which  have  been  subjected  to  this  process. 

All  barometers  of  the  Signal  Service  allow  for  this  by  depressing  the  scale  in  each 
barometer  just  sufficient  to  offset  the  capillary  action. 

The  certificates  furnished  from  the  Chief  Signal  Office  for  all  barometers  verified  there 
give  the  results  of  direct  readings  of  the  column  at  different  heights,  and  so  indade  the 
corrections  above  mentioned,  in  so  far  as  any  of  them  are  applicable  to  the  special  ba- 
rometer under  consideration. 

Correction  for  t  mperaiure,  or  reduction  to  32^  F. — All  bodies  are  affected  in  their  di- 
mensions by  heat;  with  few  exceptions  they  expand  when  their  temperature  rises  and 
contract  when  it  falls,  and  it  is  therefore  necessary,  in  taking  any  accurate  measure  of 
the  length  of  any  object,  to  know  at  what  temperature  the  measure  was  made,  in  order 
that  we  may  know  what  the  length  would  have  been  at  some  definite  temperature, 
which  is  taken  as  the  standard  temperature.  In  the  case  of  barometers  this  standard 
temperature  is  32^,  and  accordingly  when  the  barometer  is  at  a  temperature  below  32°, 
considering  only  the  mercurial  column,  the  correction  is  additive  (-{•),  and  when  it  is 
above  32®  it  is  snbtractive  ( — ). 

If  the  standard  temperature  for  the  brass  scale  were  the  same  as  that  used  for  mercury, 
the  sign  of  this  correction  would  change  from  +  to  —  at  32®,  but  the  temperature  of  the 
scale  is  regarded  as  62®;  hence  the  sign  changes  at  29®  instead  of  32®.  Many  Enropeu 
meteorologists  consider  the  scale  to  be  at  a  temperature  of  ^®,  and  in  this  case  the  sign 
changes  at  that  temperature. 

The  temperature  of  the  barometer  is  given  by  the  attached  thermometer,  the  bulb  of 
which  is  so  placed  as  to  give  as  accurately  as  poaeible  the  true  temperature  of  the  actnal 
column  of  mercury. 

The  pressure  is  given  in  the  table  for  each  half  inch  from  24  to  31  inches,  as  of  course 
the  correction  depends  on  the  length  of  the  column  of  which  the  temperature  is  given  by 
the  attached  thermometer. 

In  consequence  of  the  great  risk  of  the  heat  of  the  observer's  person  affecting  the  ther- 
mometer attached  to  the  instrument  during  the  process  of  taking  a  reading  of  the  ba- 
rometer, the  attached  thermometer  is  always  to  be  read  first  of  all,  before  the  reading  of 
the  barometrical  column  is  made. 

The  table  at  the  end  of  these  instructions  contains  the  correction  to  be  applied  to  the 
readings  of  barometers  mounted  in  brass  frames,  in  order  to  reduce  them  to  the  normal 
temperature,  32®.  It  has  been  computed  from  the  following  formula  given  bj  Scfan- 
macher — 

r^^r^^r.  .tii(f-32)-g(t62) 

Correction  =  -*      i+«(e-32) 

in  which 

/t=reading  of  the  barometer, 

t  =temperature  of  attached  thermometer, 

fii==expansion  of  mercury  for  1®  F.,  taken  as  .0001001  of  its  length  at  32^, 

9=expansion  of  the  substance  of  which  the  scale  is  made;  for  brass  s  is  taken  as 

.00001041  of  its  length  (A)  at  the  standard  temperature  for  the  scale,  viz, 

62®  F. 
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COBBECrriON  FOB  ALTITUDE  OB  BEDUCTIOX  TO  SEA  LEVEL. 

As  we  ascend  in  the  atmosphere  the  air  pressure  gradually  diminishes.  At  the  height 
of  Pike's  Peak,  14,134  feet  above  sea  level,  the  mean  pressure  is  about  17.8  inches,  at  sea 
level  it  being  30. 0  inches.  In  order  then  to  make  barometer  readings  comparable  at  dif- 
ferent stations  it  is  necessary  to  reduce  them  to  a  common  plane.  This  has  been  as* 
snmed  at  sea  level.  This  reduction  depends  upon  the  temperature  of  the  outside  air 
as  well  as  the  height  of  the  station.  It  is  important  that  each  observer  obtain  as  accu- 
rately as  possible  the  elevation  of  his  barometer,  first,  above  a  fixed  point  near  its  place 
of  suspension;  second,  the  elevation  of  the  above -fixed  point  above  some  plane,  such  as 
a  railioad  track  at  station,  bench-mark  on  canal,  level  of  the  great  lakes,  or  zero  of 
river  gauge;  and,  third,  the  elevation  of  such  plane  above  sea  level.  The  sum  of  these 
three  elevations  will  give  the  elevation  of  the  barometer  above  sea  level.  If  it  is  found 
impossible  to  get  the  correct  elevation  in  this  way,  an  approximate  value  may  be  com- 
pute by  means  of  barometric  observations  at  the  station  compared  with  those  made 
at  the  same  time  at  a  neighboring  station  the  elevation  of  which  is  already  known.  As 
a  general  thing,  however,  it  will  be  found  feasible  to  obtain  the  elevation  I'rom  a  rail- 
road track  near  the  station.  Table  £  at  the  end  of  these  instructions  will  give  the 
reduction  for  barometer  readings  at  stations  up  to  1,500  feet;  for  greater  heights  a  special 
table  will  be  needed.    This  may  be  computed  from  the  following  formula: 

1^*,=/. { 00159  (i+-'±^)  {i.oom^.1)  (1+^^;)} 

h 

From  a  table  of  common  logarithms,  the  natural  number  corresponding  to  log  ^  is 

found;  or--.=n,  and  h=n  h\ 

In  this  formula — 
h  and  A^=:barometer  reduced  to  32°  F.,  at  the  lower  and  upper  stations  respect- 
ively, 
i  and  ^^=tho  temperature  of  the  air  at  the  respective  stations, 
f=elevation  of  upper  station  in  feet, 
;=:latitude  of  the  place. 

SUBSTITUTES  FOB  MEBCUBIAL  BABOMETEBS. 

Aneroids  and  metallic  barometers  are  useftil  substitutes  for  the  mercurial  barometer. 

The  aneroid  is  an  instrument  which  has  come  into  extensive  use,  owing  to  its  con- 
venient size  and  portability.  These  recommendations  have  at  once  secured  its  very  gen- 
eral adoption. 

In  the  aneroid,  atmospherical  pressure  is  measured  by  its  effect  in  altering  the  shape 
of  a  small,  hermetically  sealed,  metallic  box,  from  which  almost  all  the  air  has  been 
withdrawn,  and  which  is  kept  from  collapsing  by  a  spring.  The  top  of  the  box  is  cor- 
rugated. 

When  the  atmospherical  pressure  rises  above  the  amount  which  was  recorded  when 
the  instrument  was  made,  the  top  is  forced  inwards,  and  nee  versa,  when  pressure  tails 
below  l^t  amount,  the  top  is  pulled  outwards  by  the  spring.  These  motions  are  trans- 
ferred by  a  system  of  levers  and  springs  to  a  hand  which  moves  on  a  dial  like  that  of  a 
wheel  barometer. 

The  instrument  must  be  graduated  experimentally,  as  it  cannot  measure  pressure  ab- 
solutely, but  affords  indications  relatively  to  a  mercurial  barometer  (its  sensibility  de- 
pending intXT  alia  on  the  quality  of  the  metal  of  which  the  box  is  made). 

The  principle  of  the  metallic  (Bourdon's)  Imrometer  is  somewhat  similar  to  that  of 
the  aneroid. 

Aneroids  are  very  sensitive,  but  unfortunately  they  do  not  preserve  their  accuracy. 
If  a  table  of  corrections  be  determined  for  an  aneroid,  it  will  be  found  that  after  a  time 
it  has  undergone  some  change,  and  that  the  values  of  the  corrections  will  require  alter- 
ation, so  that  recomparison  with  a  standard  barometer  will  be  necessary.  In  every  case 
of  such  comparison  the  readings  of  the  mercurial  barometer  should  be  reduced  to  32°, 
and  standard  gravity  at  latitude  45°. 

A  most  serious  objection  to  the  scientific  utility  of  these  instruments  is  their  liability 
to  injury,  owing  to  rust  or  to  the  alteration  of  force  in  the  springs  used  in  their  con- 
struction. However,  for  the  reasons  above  stated,  the  aneroid  is  especially  suitable  for 
\  fishermen,  pilots,  or  sea-faring  persons  employed  in  boats  or  small  coasting  vessels,  in 
which  there  is  not  space  to  suspend  a  barometer;  and,  of  course,  all  that  is  stated  re- 
garding the  barometer  as  a  weather  indicator,  applies  to  the  aneroid  so  far  as  a  single 
observer  is  concerned.  For  concerted  obaervationa  accurate  mercurial  baromeiera  are  indis- 
pensable. 

19  sia 


290  BBPORT  OF  THE   CHIEF  SIQNAL  OFFICEB. 

PBBCIPITATION. 

A  Knowledge  or  tbe  rain  aaA  snow  Ml  of  any  locality  is  ofgreat  importance  to  Uie  Armer, 
and  each  one  should  haves  rain-gaDKe.  Uy  He  use  the  gardener  will  begiiided  indetet- 
niining  the  amonot  of  moistare  needed  by  hia  plaata.  The  health  and  increase  of  do- 
meelic  aaimala,  the  volneof  the  crops,  aa  well  as  the  labors  of  the  liunier,  are  dependent 
on  the  eic«H  or  deficiency  of  rain.  Blalistics  ol'  rainfall  are  very  frequently  called  lor 
in  connection  nith  crop  prodnction,  sanit»ry  arrangementa  in  any  town,  and  engineer 
operations,  especially  in  the  line  of  water  supply.  The  hydranlic  engineer  mnst  deter- 
mine the  rainfall  in  order  to  proTide  against  Hoods  in  rivers  and  dronghta  on  land.  The 
observation  of  tain  is  one  of  thesimplestimaginable,  thonghoueof  the  most  difficult  to 
make  aa  estimate  on.  Some  observers  have  sent  in  an  estimate  of  10  inches  in  a  siagle 
Btorni;  this  is  impoHSible  except  in  very  rare  cases  of  cload  bnrsts.  No  estimatev  orTsinbll 
ahonld  ever  be  reconled,  bat  if  an  observer  has  no  means  of  nieaauring  rain,  the  record 
slionld  be  light  (It.),  heavy  (by.),  or  very  heavy  (v.  hy.).  If  onehai  no  regular  moge, 
a  pail  with  nearly  vertical  sidts,  a  tub,  or  a  simple  toniato  can  sboald  be  need.  An  or- 
dinary foot-rule  or  a  yard-stick  will  measure  the  depth  of  rain  after  it  has  been  cangbt. 
The  follovring  is  a  description  of  the  rain-gange  used  by  the  Signal  Service.  In  the  la- 
test pattern  adopted  the  edge  of  the  receiver  is  very  caisAilly  turned  from  brass  and  the 
eylindri<^  reservoir  is  of  ^wn  brass  tubing,  which  makes  the  gauge  very  acconite. 


The  rain-gauge  adopted  for  Signal  Service  stations  conaista  of  a  fonnel-sbaped  receiver, 
Burmonnted  by  a  cylinder  1  j  inches  in  length  and  8  inches  in  diameter.  The  funnel  is 
placed  in  a  cylindrical  reservoir  2.53  inches  in  diameter  and  30  inches  in  beigfat.  The 
area  of  the  cross-section  of  the  reservoir  is  to  tbat  of  the  recei  ver  as  one  to  t«n,  or  1  indi 
of  rain  (JUling  in  the  receiver  corresponds  with  10  inches  of  water  in  the  gauge-  The 
amount  of  rainfall  collected  in  the  gauge  is  measured  by  means  of  a  graduated  rod  on 
which  are  marked  inches  and  tenths  of  inches;  1  iach  (10  spaces)  on  the  rod  correepondi 
to  0.1  (0.10)  ofao  inch  of  rain,  and  0.1  of  an  inch  (1  space)  oatherod  to  0.01  of  an  inch 
of  rain.  To  provide  for  very  heavy  rainfalls  the  gnage  is  placed  within  mi  onter  ^van- 
Ized  iron  cylinder  0  inches  in  diameter  and  l£li  inches  in  height,  and  an  opening  is  made 
in  the  top  of  the  small  cylinder  of  the  gauge  at  the  height  ofSO  inches.  The  gauge  will 
then  receive  2  inches  (200  spaces,  or  20  Uneat  inches  on  the  rod)  of  rainfall,  and  what 
more  than  this  (alls  the  excess  will  flow  over  into  the  attached  cylinder.  To  ascertain 
the  amount  of  rain  when  It  is  in  exccas  of  2  inches,  lin;t  note  the  2  inches  in  the  small 
cylinder,  then  empty  it,  and  pour  Into  it  the  water  io  the  onter  cylinder;  measure  the 
amoant,  as  already  directed,  add  it  to  the  3  inches  poured  frooi  the  small  cylinder,  and 
the  snm  will  be  the  total  amonnt  of  rainfall. 

eioNAL  SERVICB  BdlN-GACOE. 


OEBCBIPTIOir. 


A.  Funnel-alwped  re 

B.  Recelvins  riHurvi 

C.  Overflow  attachm 
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In  measaring  the  rainfall,  as  the  inside  leservoir  has  one-tenth  the  area  of  the  receiver, 
the  number  of  inches  of  water  shonld  be  counted  as  tenths.  Sometimes  the  measuring 
stick  becomes  slightly  oily  and  in  consequence  the  line  of  water  will  not  be  clearly  marked ; 
in  such  case  draw  the  stick  through  the  hand  once  or  twice,  and  when  again  dipped  in 
the  water  there  will  be  found  a  very  dear  and  well  defined  line  of  demarkation. 

In  many  cases  observers  have  had  a  gauge,  similar  to  the  above  in  size  and  shape, 
made  from  tin  by  a  tinsmiUi,  and  aflerward  painted.    Care  should  be  taken  in  exposing 
the  gauge  to  have  it  only  1  to  2  feet  above  a  level  plane,  and  at  least  the  distance  of 
twice  the  height  of  an  object  from  it. 

SNOW. 

In  measuring  snow  the  best  way  in  many  cases  is  to  take  the  outside  overflow  attach- 
ment and  press  it,  mouth  down,  into  new-&llen  snow  where  it  has  not  drifted,  then  by 
passing  a  thin  shingle  at  the  bottom  of  the  snow  a  cylinder  of  it,  the  size  of  the  over* 
do  w,  may  be  taken  up,  melted,  and  measuied  as  melted  snow.  In  melting  snow,  the  best 
way  is  to  press  the  bottom  of  the  gauge  into  a  pail  of  rather  hot  water,  and  keeping  it 
there  till  the  snow  has  entirely  melted.  Care  should  be  taken  in  all  cases  to  enter  the 
amount  of  snow  unmelted  in  its  appropriate  column.  The  above  method  of  obtaining 
melted  snow  is  quite  tedious,  and  the  following  will  do  nearly  as  well  and  even  better 
if  there  is  much  drifting:  Select  a  level  plane  of  some  extent  and  carefully  measure  the 
depth  of  freshly-fallen  snow  in  at  least  three  places  where  it  has  not  drifted.  If  the 
three  measurements  pearly  agree  their  mean  will  give  the  snowfall,  and  one-eleventh 
or  one-tenth,  according  as  the  snow  is  light  or  heavy,  will  give  an  approximata  value 
for  the  melted  snow.  If  snow  heavier  than  10  inches  to  the  inch  of  water  falls  it  can 
almost  invariably  be  measured  in  the  rain-gauge  as  it  must  be  almost  melting,  or  at 
least  not  easily  blown  out  of  the  gauge. 

Most  difficulty  will  be  experienced  in  noting  precipitation  when  rain  changes  to  snow 
or  riee  versa.  In  the  first  case  care  should  be  taken  to  measure  the  rain  and  snow  in  the 
gauge  as  soon  as  it  is  found  that  the  snow  is  being  blown  out  or  has  filled  the  receiver, 
and  after  that  only  the  snow  should  be  measured,  being  careftil  not  to  measure  any  of 
the  snow  twice.  The  same  precautions  are  needed  when  the  reverse  takes  place,  namely, 
snow  turning  to  rain.  This  is  a  very  difficult  matter  to  give  rigid  rules  upon,  and  each 
observer  must  depend  largely  upon  his  judgment  in  each  individual  case.  The  fall  of 
rain  or  snow  should  be  measured  at  the  end  of  tlie  storm,  and  a  carefhl  note  of  time 
should  be  made  of  the  beginning  and  ending  of  the  rain.  In  many  cases  it  would  be 
very  interesting  to  have  the  time  of  beginning  and  ending  of  the  heaviest  rain. 

APPABATUS  EMPLOYED    FOB   KEGISTEBINa   THE  DIBECTION,   PBESSUBE,   AND  VELOC- 
ITY OF  THE  WIND. 

2%«  vane. — ^The  instrument  by  which  the  wind's  direction  is  most  generally  noted  is 
the  vane,  or  weather-cock,  and  all  that  need  be  said  of  it  here  is  that  tbe  points  north, 
east,  south,  and  west,  usually  attached  to  it,  should  indicate  the  true  and  not  the  mag- 
netie  directions,  and  that  care  should  be  taken  to  prevent  its  setting  fas^.  Very  com- 
plicated instruments  are  required  for  ascertaining  the  pressure  and  velocity  of  the  wind, 
and  these  are  called  anemometers. 

Placing. — The  wind-vane  should  be  set  in  a  place  as  free  and  open  as  possible,  away 
fVom  every  obstacle,  and  especially  from  high  buildings.  It  should  exce^  in  elevation 
by  at  least  8  or  10  feet  the  neighboring  objects. 

As  a  fiat  vane  is  always  in  a  neutral  line,  an  accurate  and  sensitive  one  is  made  by 
fhstcning  two  plates  together  at  an  angle  of  abont  10  degrees,  forming  a  long  wedge. 
Thus, 

Fio.  10. 


The  longer  the  vane  the  shorter  the  pulsations,  and  the  steadier  the  action  will  be.  A 
small-sized  vane  may  be  10  or  12  inches  wide  and  4  feet  long. 

Objservation. — The  observation  of  this  instrument  demands  some  care.  In  winds  of 
considerable  strength  the  vane  is  never  at  rest  or  fixed  in  the  same  direction;  it  oscil- 
lates incessantly,  and  its  oscillations  increase  in  amplitude  with  certain  winds,  and  with 
the  violence  of  the  wind.  We  must  then  note  the  mean  direction  between  the  extremes. 
When  the  wind  is  very  feeble  perhaps  it  may  not  have  sufficient  fbrce  to  set  the  vanbin 
motion;  in  this  case,  as  when  the  air  is  calm,  great  mistakes  might  be  made  by  register- 
ing the  direction  marked  by  the  index,  for  its  position  indicates  not  the  direction  of  the 
existing  wind  but  that  of  the  last  wind  that  had  the  power  to  set  the  instrument  in  mo- 
tion.   When  the  index  is  immovable  and  there  is  no  oscillation  we  must  give  up  its  indi- 
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cations  and  refer  to  the  moyement  of  light  bodies,  as  that  of  the  leaves  of  trees  and  the 
smoke  of  chimneTS,  to  determine  the  direction  of  these  feeble  currents  of  air.  During 
the  night  the  direction  of  the  wind  may  be  easily  ascertained  by  raising  the  hand  in  the 
air  with  one  finger  wet.  The  least  motion  in  the  air  increases  evaporation,  and  a  sensa- 
tion of  cold  is  experienced  on  the  side  of  the  finger  tnmed  towards  the  wind. 

The  direction  of  the  wind  must  be  noted,  following  the  eight  principal  points  of  the 
compass— north,  northeast,  east,  southeast,  south,  southwest,  west,  and  northwests 

The  lower  or  surface  wind  often  has  a  different  direction  from  that  which  prevails  in 
the  upper  regions  of  the  atmosphere,  and  this  is  generally  the  case  when  the  wind  turns 
and  the  weather  is  going  to  change,  also  during  storms  and  great  atmospheric  move- 
ments. 

The  manner  in  which  the  wind  turns,  or  rather  the  order  in  which  the  winds  suooeed 
one  another  in  the  course  of  the  day,  must  be  watched  very  carefully.  -  It  will  be  seen 
that  they  commonly  follow  in  regular  order;  they  pass  from  the  east  by  the  south  to  the 
west,  and  from  the  west  by  the  north  to  the  east.  .  Nevertheless,  they  sometimes  go  back 
in  the  opposite  direction,  i>articularly  during  storms.  A  little  memorandum,  summing 
up  in  a  few  words  at  the  end  of  each  day  this  course  of  the  wind,  together  with  the  hours 
of  the  wind's  changes,  is  very  valuable.     It  may  be  entered  in  the  column  of  remarks. 

The  general  appearance  of  the  vane  in  use  in  the  Signal  Service  and  the  location  of 
the  several  x>arts  are  shown  in  Fig.  10.  The  iron  straps  which  unite  the  two  parts  of  the 
foot-block  must  be  taken  off  and  the  block  separated  before  raising  the  vane,  in  order  to 
put  the  iron  socket  holding  it  in  proper  position.  After  the  vane  is  up  the  pieces  must 
be  fastened  firmly  together  again  by  these  straps. 

VELOCITY  OP  THE  WIND. 

The  instrument  generally  used  for  determining  the  velocity  of  the  wind  is  Robinson's 
anemometer,  which  consists  of  four  hollow  hemispherical  cups  mounted  upon  arms  at 
right  angles  to  each  other,  with  the  planes  of  their  faces  verta<^  and  facing  the  same  way 
around  the  circumference.  These  are  placed  upon  a  vertical  axis,  which  has  at  its  lower 
extremity  an  endless  screw.  The  axis  is  supported  so  as  to  turn  with  as  little  friction  as 
possible.  The  endless  screw  is  placed  in  gear  with  a  wheel  which  moves  the  two  dials, 
which  register  the  number  of  revolutions  of  the  cups. 

It  has  been  proven,  both  by  theory  and  experiment,  that  the  center  of  any  one  of  the 
cups  so  mounted  and  set  in  motion  by  the  wind  revolves  with  one- third  of  the  wind's 
velocity.  If,  therefore,  the  diametrical  distance  between  the  centers  of  the  cups  be  1 
foot,  the  circle  described  by  the  centers  in  one  revolution  is  3.1416  feet,  and  the  velocity 
of  the  wind  will  be  three  times  this,  or  0.42  feet,  which  must  be  referred  to  time  for  the 
absolute  rate.  The  instrument  is  sometimes  made  with  the  center  of  the  cups  1.12  feet 
apart,  so  that  the  circle  described  is  y^^  of  a  mile  in  circumference.  Hence,  to  pro- 
duce one  revolution  of  the  cups,  the  wind  must  travel  three  times  as  fiist,  or  ^^  of  a 
mile.    Therefore,  500  revolutions  will  be  produced  by  one  mile  of  wind. 

The  pattern  of  anemometer  used  in  the  Signal  Service  has  the  registering  dials  mounted 
concentrically.  The  outer  dial  has  one  hundred  and  the  inner  dial  ninety-nine  divisions. 
As  the  dials  are  moved  by  the  the  same  wheel,  they  will  move  forward  one  hundred  di- 
visions in  the  same  time  (Fig.  11).  The  outer  diaJ  having  one  hundred  divisions,  the 
inner  dial  will  complete  one  revolution  and  its  zero  be  one  division  beyond  or  to  the  left 
of  the  zero  of  the  outer  dial  when  the  outer  dial  has  completed  one  revolution,  the  zeros 
of  the  scales  coinciding  at  the  time  the  instrument  was  set  in  motion.  Thus  the  revolu- 
tions made  by  the  outer  dial  are  recorded  on  the  inner  one,  the  number  of  revolutions  be- 
ing shown  by  the  number  of  divisions  of  the  scale  on  the  inner  dial  between  the  zero  of 
that  scale  and  the  zero  of  the  outer  one.  In  taking  the  reading  of  the  anemometer  at 
any  time  the  hundreds  and  tens  of  miles  are  read  from  the  inner  scale,  and  the  miles 
and  tenths  of  miles  are  read  from  the  outer  one.  Take  from  the  inner  scale  the  hun- 
dreds and  tens  of  miles  contained  between  the  zero  of  that  scale  and  the  zero  of  the 
outer  one,  and  the  miles  and  tenths  of  miles  on  the  outer  scale  contained  between  the 
zero  of  that  scale  and  the  index  of  the  instrument,  and  the  sum  of  these  readings  will 
be  the  reading  of  the  instrument  at  the  time  of  making  the  observation. 

When  the  anemometer  is  not  famished  with  an  index-point  the  center  of  the  small 
wheel  which  gives  motion  to  the  dials  will  be  taken  as  the  reference  point. 

The  total  movement  for  the  twenty-four  hours  will  be  obtained  in  the  following  man- 
ner: Subtract  the  reading  of  the  anemometer  at  12  noon  of  the  preceding  day  ijnom  the 
reading  taken  at  12  noon  of  the  current  day,  and  the  difference  will  be  the  total  move- 
ment of  the  wind.  When  the  reading  of  the  anemometer  is  less  than  the  reading  of  the 
preceding  day,  990  miles  will  be  added  to  it,  and  the  remainder,  after  subtracting  the 
reading  of  the  preceding  day,  will  be  the  total  movement. 

Example:  The  dial  reading  of  to-day  is  91,  and  that  of  yesterday  was  950,  hence  we 
have  91-f  990=1081;  1081— 960t=131,  the  total  movement  of  the  wind  in  miles  during 
the  past  twenty-four  hours. 
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AnBinometera  must  be  kept  csiefally  and  thoronghly  oiled  to  prereQt  ftiction  and  in- 
J1U7  to  the  aeTeral  beariDgg.  EspecUil  Bttention  moat  begiven  to  the  luge  dial-screw, 
and  when  found  loosened  it  most  at  once  be  tightened,  bat  care  rnoBl  be  taken  not  to 


ecrewit  ap  tight  enoagh  to  interfere  with  the  tteemotion  of  the  dials.  Otbei  inatni' 
menta  are  in  oae  which  detaTmiDe  the  force  of  the  wind  bj  meoanring  the  presBDra  ex- 
erted npon  a  given  iurface. 

The  Vienna  Congress  has  recommended  the  introduction  of  Professor  Wild's  preaanre 
IpinKe,  which  is  in  nse  iu  liusala  and  Switzerland.  This  consists  of  a  reclangnlar  plate 
hong  on  hinges  on  a  horiMiDlal  axis.  The  an);lc  which  tbis  makes  with  the  vertical 
indlcal«a  the  force  of  the  wind. 

The  prepare  of  the  wind  has  been  experimentall;  proved  to  Taiy  as  the  nqnare  of  the 
velocity,  the  relation  being  F  ^.003  V.  From  uiis  fbnnnla,  thcrerore,  the  preararo 
can  be  oalcolated  currespoudiug  to  the  obeerred  velod^. 
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Tlie  forms  Airoished  volantary  observers  have  upon  them  a  designation  of  the  force  of 
the  wind  on  a  scale  of  0  to  10,  bat  many  have  found  it  very  difficalt  to  nse  such  a  scale, 
and  to  such  the  following  may  commend  iteeli';  it  is  the  scale  largely  osed  in  Europe  aod 
is  quite  easy  of  application.  In  all  cases  where  the  observer  uses  this  scale  he  should 
carefully  write  0--6  in  place  of  () — 10  on  the  form. 

0.  Calm. 

1.  Light;  just  moving  the  leaves  of  trees. 

2.  Moderate;  moving  branches. 

3.  Brisk;  swaying  branches,  blowing  np  dnst. 

4.  High;  blowing  np  twigs  ftt)m  the  ground,  swaying  whole  trees. 
6.  Gale;  breaking  small  branches,  loosening  bricks  on  chimneys. 
6.  Hurricane  or  tornado;  destroying  everything  in  its  path. 

CI^UDS. 

The  study  of  the  forms  and  movements  of  clouds  is  of  great  importance  in  meteorology, 
for  they  afford  the  only  means  of  knowing  What  changes  ore  in  progress  in  any  part  of  the 
atmosphere  above  the  lowest  stratum.  The  very  existence  of  a  cloud,  at  any  elevation, 
shows  that  the  atmosphere  is  there  in  a  state  of  saturation,  and  the  lower  the  cloud  the 
more  humid  is  the  atmosphere.  The  forms  of  the  clouds  may  give  information  as  to  the 
changes  of  temperature  tad  the  cause  of  these  changes,  and  their  movements  show  what 
winds  are  blowing  high  np  in  the  atmosphere  and  even  the  rate  of  their  movements  If 
the  height  of  the  clonds  is  measured  they  serve  as  an  accurate  wind- vane  and  anemom- 
eter.' 

Cloud  observations  include  their  quantity,  form,  and  movement. 

Cloud  proportiim, — The  i)foportion  of  the  sky  covered  by  clouds  may  be  determined  by 
simple  inspection.  A  sky  wholly  overcast  is  recorded  as  10,  and  ail  minor  degrees  oi' 
cloudiness  by  the  lower  numbers,  0  being  used  to  indicate  less  than  one-twentieth  of  cloudi- 
ness. Of  course,  only  an  approximate  estimate  is  possible,  but  with  a  little  practice  ihi8 
may  be  made  sofficiently  accurate  for  practicaf  requirements.  It  may  assist  beginners 
in  making  this  estimate,  to  notice  that  if  the  sky  be  divided  into  live  triangular  segments 
by  five  equidistant  lines  dniwn  from  the  zenith  to  the  horizon,  each  of  these  will  be  di- 
vided into  two  nearly  equal  parts  by  a  line  parallel  with  the  horizon,  and  at  one-third 
the  distance  between  it  and  the  zenith. 

CLASSIFICATION  OF  CLOUDS. 

The  most  important  are  the  three  primary  forms,  cirrus,  cumulus,  and  stratus,  and 
the  combinations  cirro-cumulus,  cirro-stratus,  cumulo-stratns,  and  nimbus. 

Cirrua, — Clouds  composed  of  loose,  parallel  or  divergent  fibers,  looking  like  hair  or  featb-' 
ers,  but  varying  greatly  in  form.  It  is  a  very  lofty  cloud,  sometimes  attaining  the  height 
of  10  miles.  It  Is  usually  of  very  small  density,  and  is  probably  composed  of  minute 
snow  crystals,  because  the  phenomena  of  halos  are  product  by  them  which  can  only  be 
explained  by  the  refraction  of  the  rays  of  light  through  ice  crystals.  The  motions  of 
the  cirrus  often  differ  in  direction  fVom  those  of  the  sur&ce- winds,  showing  the  general 
movements  of  the  upper  strata  of  the  atmosphere,  and  are  often  indicative  of  coming 
changes. 

CumtduB, — Convex  or  conical  heapH  increasing  upwards  from  a  horizontal  base.  These 
are  dense  in  structure  and  of  a  round  or  globular  form,  and  are  often  called  **  cotton- 
bale."  They  are  formed  in  the  lower  atmosphere  and  move  with  the  current  dose  to 
the  earth.  They  are  formed  by  ascending  currents  of  warm  air  rising  from  the  heatetl 
ground  until,  becoming  cooled  below  the  dew-point,  it  condenses  into  visible  cloud.  The 
rounded  top  results  from  the  fact  that  an  ascending  current  is  stronger  near  its  center 
than  at  its  external  parts  and  carries  up  the  vapor  to  a  greater  height  In  fair  weather 
the  cumulus  often  form  a  few  hours  after  sunrise,  go  on  increasing  until  the  hottest 
part  of  the  day,  and  generally  disappear  about  sunset,  though  they  may  continue  through 
Uie  night.    They  sometimes  take  the  form  of  rolls. 

Siratu».~^A  widely-extended  continuous  horizontal  sheet,  incceasing  from  below  up- 
ward. This  is  generally  a  fine- weather  cloud,  appearing  at  night  and  morning  of  the 
brightest  days.  It  is  a  layer  or  horizontal  sheet  of  uniibrm  thickness,  appearing  at  a 
distance  like  a  streak  on  the  horizon.  It  generally  forms  about  sunset,  grows  denser 
during  the  night,  and  vanishes  at  snnrise.  It  is  caused  by  the  vapors  which  have  risen 
during  the  day,  and  which,  as  the  ascending  currents  become  weaker  toward  evening, 
approach  the  earth.  As  the  cooling  of  the  air  during  the  night  begins  near  the  ground, 
ud  thence  proceeds  upward,  the  condensation  of  the  vapor  first  appears  near  the  ground 
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and  thenco  iacreases  from  below  upward  as  tho  successive  layers  of  air  become  cooled 
below  the  dew-point.  Descending  smoke  and  dust  contribute  to  the  density  of  stratus 
clouds. 

Cirro-cumulus. — Small,  well-defined  roundish  masses  in  close  horizontal  arrangement 
or  contact.  This  is  also  a  high  cloud,  though  usually  at  a  lower  level  than  the  cirrus, 
from  which  it  differs  in  being  more  globular  in  form  as  it  consists  generally  of  small  de- 
tached rounded  masses,  like  a  flock  of  sheep  lying  down.  When  at  alow  level  it  may 
be  difficult  to  distinguish  these  clouds  from  small  cumuli.  It  occurs  very  frequently  in 
summer,  particularly  in  dry  and  warm  weather. 

Cirro-straiua  consists  of  delicate  fibrous  clouds  spread  out  in  strata,  which  are  either 
horizontal  or  but  slightly  inclined  to  the  horizon.  This  cloud  appears  to  result  from 
the  subsidence  of  the  fibers  of  the  cirrus  to  a  lower  level.  Sometimes  the  whole  sky  is  so 
mottled  with  this  cloud  as  to  resemble  the  back  of  a  mackerel — ''  mackerel  sky.''  The 
cirro-stratus  precedes  wind  and  rain,  and  is  almost  always  to  be  seen  in  the  intervals 
of  storms.  It  should  be  noted  that  the  term  *'  mackerel  sky''  is  applied  to  the  cirro- 
cumulus  in  England  and  other  countries,  and  there  indicates  fine  weather,  but  in  the 
United  States  it  is  regarded  a  foul-weather  cloud. 

CumulO'Stratus. — ^This  has  for  its  base  a  horizontal  layer  or  stratum  £rom  which  rise 
large  overhanging  masses  of  cumulus.    It  is  the  cumulus  changing  into  the  nimbus. 

Nimbus, — A  cloud  from  which  rain  is  falling.  It  is  generally  composed  of  different 
clouds  which  are  so  blended  that  it  becomes  impossible  to  distinguish  them. 

The  term  '*Scud"  indicates  loose,  detached  elouds  drifting  rapidly  before  the  wind. 

CLOUD  MOVEMENT.  , 

The  great  difficulty  in  getting  at  the  true  direction  of  cloud  movement  lies  in  the  effect 
of  perspective.    The  following  device  eliminates  this : 

* '  Set  up  a  pointed  pole,  reaching  6  or  8  feet  above  the  observer's  head,  and  through  the 
top,  an  inch  or  so  below  the  point,  fix  two  stout  cross-wires,  or  thin  iron  rods,  set  truly 
by  compass  to  the  four  cardinal  points.  Tho  space  around  the  pole  must  be  sufficiently 
open  to  allow  of  a  good  view  of  the  sky  in  all  directions.  Let  the  observer  then  station 
himself  at  such  a  distance  from  the  pole,  and  in  such  a  position  that  some  recognizable 
limb  of  a  cloud  appears  to  move  vertically  upward  from  the  top  of  the  pole  or  vertically 
downwards  toward  it.  The  direction  of  the  pole  from  the  observer's  position  (which 
may  be  judged  of  accurately  by  means  of  the  cross- wires  on  the  top)  is  the  direction  of 
the  cloud's  true  movement.  With  a  little  care  in  selecting  the  position  the  pole  may  be 
dispensed  with,  as  any  pointed  object  vnll  serve  the  purpose,  provided  the  observer  has 
previously  acquainted  himself  accurately  with  the  points  of  the  compass.  The  velocity 
of  cloud  movement  may  be  measured  in  favorable  situations  by  observing  the  time  that 
the  shadow  takes  to  traverse  a  certain  space  of  country,  the  extent  of  which  is  accurately 
known." 

The  direction  from  which  the  donds  are  moving  should  be  recorded  to  8  points  N.  NE. , 
E.,  &c.  The  velocity  may  be  recorded  by  the  letters  s  Slowly  and  r  rapidly  placed  as 
an  exponent  to  the  direction  thus,  N',  S'. 

Haze,  smoke,  and  fog  should  be  recorded  as  such,  with  the  addition  of  the  words 

light"  or  ** dense,"  as  the  case  may  be. 


i( 


STATE  OF  THE  WEATHEB. 

Clear,  when  the  sky  is  -j^^  or  less  obscured;  fair,  when  the  sky  is  from  i^  to  ^• 
obscured;  doQdy,  when  the  sky  is  more  than^  obscured;  light  rain  (It.  r.),  when  l^ere 
is  light  rain;  heavy  rain  (by.  r.),  when  there  is  heavy  rain;  in  like  manner  With  light 
and  heavy  snow,  substituting  s  for  r;  fog,  haze,  smoke,  aooording  as  these  are  predomi- 
nant. 

FBOBT. 

Oocarrence  of  first  and  last  frost  of  any  growing  season  should  be  q^ially  noted  as 
well  as  all  killing  frosts  during  the  same. 

COBON.S. 

These  must  be  distinguished  from  halos.  Corona)  are  very  common,  specially  around 
the  moon,  and  are  produced  by  the  rays  passing  through  a  thin  layer  of  cloud.  Some- 
times as  many  as  three  small  concentric  circles  may  be  seen  whose  diameters  are  in  the 
ratio  of  1:2:3.  They  are  frequently  colored,  red  being  the  outside  color.  These  colors 
are  not  the  pure  colors  of  the  spectrum,  but  rather  those  of  the  opal,  and  are  caused  by 
interference  and  not  refraction.  A  solar  corona  is  not  often  visible  on  account  of  the 
dazzling  brightness  of  the  sun,  but  it  may  often  be  seen  by  viewing  the  sun  through 
colored  glass,  or  noticing  the  reflection  in  the  water. 
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Halos  are  large  circles  of  45°  or  92°  in  diameter.  That  is,  the  diameter  is  eqnal  to 
one-eighth  or  one-fourth  the  circumference  of  the  horizon.  Both  are  seldom  seen  at  the 
same  time.  The  colors  are  very  feeble,  generally  approaching  whiteness.  Halos  arise 
fh>m  the  presence  in  the  atmosphere  of  minute  prisms  of  ice  and  consist  of  refracted 
light.  Sometimes  the  halo  is  intensified  into  two  bright  spots,  one  on  each  side  of  the 
central  luminary.  These  are  called  ''parhelia''  or  ''paroselense''  (mock  sans  or  mock 
moons).  Still  more  complicated  phenomena  are  sometimes  seen,  throngh  rarely,  except 
in  high  latitudes. 

THUNDEB-STOBMS. 

Thunder-storms  six  hours  apart  may  be  taken  as  separate  storms. 

Upon  the  occurrence  of  thunder,  give  as  nearly  as  possible  the  time  of  first,  loudest, 
and  duration  of  thunder  (being  careful  to  note  a.  m.  or  p.  m.  if  the  hours  0  to  24  are 
not  nsed).  Frequently  when  a  storm  has  passed  there  will  be  muttering  of  thunder, 
but  a  little  observation  will  show  when  a  storm  has  really  passed. 

Give  the  direction  from  which  the  storm  appears  to  be  coming,  as  shown  by  threaten- 
ing sky,  lightning  flashes,  or  thunder  peals.     Also,  the  direction  toward  which  it  goes. 

It  is  proposed  to  attempt  the  use  of  a  scale  to  indicate  the  approximate  intensity  ot* 
the  storm.  This  is  confessedly  a  very  difficult  matter  to  decide  upon,  but  it  is  mnch 
needed  in  order  to  have  a  means  of  comparison  of  storms  in  future,  and  the  following  is 
suggested  for  trial: 

1.  Distant  lightning  (the  number  is  not  needed  in  this  case). 

2.  Distant  thunder. 

3.  Moderate  thunder-storm. 

4.  Heavy  thunder-storm. 

5.  Heavy  thunder,  with  very  high  wind  breaking  small  branches  off  trees,  &c. 

6.  Thunder  with  hurricane  or  tornado. 

TORNADOES  AND  LAND-SPOUTS. 

These  whirlwinds,  or  violent  and  circumscribed  storms*  give  rise  to  very  complex  phe- 
nomena, which  are  difficult  to  observe.  All  the  meteorological  circumstances,  however, 
should  be  minutely  noted;  among  others  the  following: 

The  course  of  the  barometer,  which  almost  always  sinks  mnch  and  rapidly;  that  ot 
the  thermometer,  which  usually  indicates  an  elevation  of  temperature;  the  region  of  the 
heavens  in  which  the  thunder-storm  frequently  accompanying  them  is  formed;  the  form 
and  color  of  the  clouds;  the  direction  and  intensity  of  the  wind;  the  frequency,  size,  and 
form  of  the  lightning;  finally,  the  apparent  shape  of  the  lond-spout,  its  variations,  its 
course,  and  its  effects  upon  the  trees  and  upon  the  ground. 

ADDITIONAL  OBSERVATIONS  DURING  STORMS. 

Everybody  knows  the  importance  of  a  knowledge  of  the  laws  of  those  great  move- 
ments of  the  atmosphere  which  embrace  lilmost  the  whole  extent  of  the  continent.  It 
is  only  in  following  them,  step  by  step;  by  observing  their  different  phases  at  different 
places,  and  by  combining  the  facts  obtained,  that  the  meteorologist  can  be  enabled  to 
discover  the  laws  which  preside  over  these  great  phenomena.  For  this  the  three  regu- 
lar observations  a  day  are  insufficient;  it  is  then  earnestly  recommended  to  observers, 
who  desire  to  contribute  effectually  to  the  solution  of  this  great  problem,  not  to  content 
themselves  with  the  prescribed  number,  but  to  odd  as  many  more  as  jiossible  daring  the 
continuance  of  remarkable  storms;  noting  not  only  the  state  of  the  instruments  from 
hour  to  hour,  if  possible,  but  following  with  attention  all  the  meteorological  changes. 
These  observations  must  be  entered'  on  the  reverse  of  the  sheet,  under  the  head  of 
*'  Casual  Phenomena,''  which  is  particularly  reserved  for  this  purpose. 

The  principal  points  to  which  attention  should  be  directed  are  the  following: 

The  barometer  announces,  by  a  considerable  fisJl,  the  approach  of  a  storm.  Then  it 
begins  to  rise  during  its  continuance,  and  only  resumes  its  normal  equilibrium  after  its 
close.     Note  especially  the  following  points: 

Was  the  storm  preceded  by  a  noticeable  or  sudden  rise  previous  to  the  fall; 

Note  the  state  of  the  barometer,  and  the  time  when  the  fall  becomes  more  rapid; 

Its  state,  and  the  time,  When  it  is  lowest  and  when  the  rise  begins; 

The  highest  point  which  it  reaches  during  or  immediately  after  the  storm. 

If  alternations  of  rising  and  falling  take  place,  the  fact  should  be  mentioned  and  the 
time  noted. 

Theihcrmnmrter. — The  fluctuations  of  the  thermometer  in  the  same  time  as  those  of 
the  barometer  should  also  be  noted,  and  their  connection  with  the  changes  of  the  wiod 
be  observed. 
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Tlte  wind, — It  is  of  the  greatest  importance  to  observe  the  course  of  the  winds  thron^h 
the  entire  height  of  the  atmosphere  daring  the  whole  continuance  of  the  storm,  by 
means  of  the  wind- vane  and  of  the  clouds  in  the  difierent  layers  of  the  atmosphere. 

The  hour  when  the  wind  begins,  and  the  direction  whence  it  comes; 

The  moment  of  its  greatest  violence; 

The  instant  it  changes  its  direction,  and  when  it  takes  the  direction  it  keeps  to  the 
end  of  the  storm. 

It  should  be  stated  if  the  wind  blows  in  a  continuous  manner  or  in  squalls,  and  what 
is  its  force. 

If  there  should  be  one  or  more  moments  of  calm,  the  hour  and  duration  will  be  in- 
dicated. 

Great  care  must  be  taken  at  each  obserration  to  note  also  the  direction  of  the  different 
layers  of  clouds,  which  will  very  otUax  be  found  different  from  that  of  the  wind  below, 
for  the  whole  duration  of  the  storm. 

The  cl&uds. — Are  there  certain  forms  of  clouds  which  announce  the  approach  of  a 
storm?  It  is  necessary,  in  this  connection,  to  watch  the  formation  of  the  cirrus,  the 
cirro-cumulus,  cirro-stratus,  their  arrangement  in  psurallel  lines,  their  course,  and  their 
direction.  Note  the  quarter  of  the  sky  first  covered  with  cdouds;  the  moment  when 
it  is  entirely  covered;  if  there  are  later  clear  spots  or  not;  the  moment  when  the  sky 
clears  off. 

The  rain. — Note  the  hour  at  which  the  rain  or  the  snow  begins  and  ends;  measure 
the  quantity  fallen  while  the  storm  lasts. 

INSTRUCTIONS  FOR  OBSERVING  AURORAS. 

Though  the  aurora  borealis  has  received  attention  during  a  considerable  portion  of  the 
last  two  centuries,  definite  information  is  still  wanting  on  several  points  which  may 
serve  as  the  basis  of  a  sound  induction  as  to  its  cause.  These  relate  particularly  to  the 
actual  frequency  of  its  appearance;  its  comparative  frequency  in  the  different  months 
of  the  year  and  different  hours  of  the  day;  the  connection  of  its  appearance  with  other 
atmospherical  phenomena;  the  elevation  andextentofvisibility  of  thearch;  and  whether 
the  same  or  different  phases  are  presented  to  individuals  at  different  stations  at  the  same 
moment  of  time;  finally  the  precise  influence  of  the  arches,  streamers,  &c.,  on  the  mag- 
netic condition  of  the  earth;  and  whether  any  unusual  electrical  effects  can  bo  observed 
daring  the  appearance  of  the  meteor. 

Auroral  phenomena  may  be  divided  into  the  following  classes: 

1.  A  faint  light  in  the  north,  without  definite  form  or  boundary. 

2.  A  diffused  lijzht,  defined  by  an  arch  below. 

2.  Floating  patches  of  luminous  haze — sometimes  striated. 

4.  One  or  more  arches,  resembling  the  rainbow,  of  uniform  white  color,  retaining  tho 
same  apparent  position  for  a  considerable  time,  and  varying  in  luminosity. 

5.  A  dark  segment,  appearing  under  the  arch. 

6.  Beams,  rays,  streamers,  waves,  transveise  and  serpentine  bands,  interrupted  or 
checkered  arches,  frequently  tinged  with  color,  and  showing  rapid  changes  in  form, 
place,  and  color. 

7.  Auroral  corona,  or  a  union  of  beams  south  of  the  zenith. 
R.  Dark  clouds  accompanying  the  diflhse  light. 

9.  Sudden  appearance  of  haze  over  the  whole  face  of  the  sky. 

The  following  may  serve  as  a  scale  of  brightness:  (1)  Faint;  (2)  Moderate;  (3) 
Bright;  (4)  Very  bright. 

OEKEBAL  DIBEGTI0N8. 

1.  Make  a  regular  practice  of  looking  for  auroras  every  dear  evening,  from  8  to  10 
o'clock  or  later.     Record  the  result,  whether  there  be  an  aurora  or  not. 

2.  Note  the  time  of  observation,  and  compare  the  watch  used  with  a  good  dock,  as 
soon  after  as  is  convenient 

3.  Make  a  return  of  the  latitude  and  longitude  of  the  station. 

4.  Note  the  class  to  which  the  auroral  phenomenon  bdongs. 

4.  If  it  be  an  arch,  note  the  time  when  the  convex  side  reaches  any  remarkable  stars, 
when  it  passes  the  zenith,  disappears,  &c. 

6.  If  the  arch  be  stationary  for  a  time,  note  its  position  among  the  stars,  so  that  its 
altitude  may  be  determined. 

7.  If  it  be  a  streamer  or  beam,  note, its  position,  and  the  time  of  its  beginning  and 
ending. 

8.  If  motion  be  observed  in  the  beams,  note  the  direction,  whether  vertically  or  hori- 
zontally, to  the  east  or  west 

9.  Note  the  time  of  the  formation  of  a  corona,  and  its  position  among  the  stars. 
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ID.  Note  the  time  of  the  appearance  of  any  black  cloiuLs  in  the  north  near  the  aurora; 
alHo,  if  the  sky  be  Buddenly  overc:ist  with  a  mUt  at  aivy  liime  diirinp:  the  auroml  display. 
11.  Give  the  direction  and  Ibrce  ol' the  wind  at  the  time. 
l*i.  Note  if  any  electrical  effects  are  observed. 

13.  Note  the  effect  upon  a  delicatclj^-suspended  magnetic  needle. 

14.  The  date,  hour,  and  minnte  of  the  be;;inuing  and  ending  of  auroras  should  be 
carefully  noted,  as  well  a^  the  azimuth  and  altitude  of  each  extremity  and  of  the  crown 
of  any  arch  of  light,  and  the  same  data  for  any  corona  or  glory  that  may  be  formed. 

When  the  observer  is  familiar  with  the  names  of  the  principal  fixed  stars,  ho  may 
locate  the  arch  or  crown  by  reference  to  them,  but  it  is  preferable  that  heshoald  observe 
directly  the  altitude  and  azimuth. 

Altitudes  are  expresaeil  by  degrees  from  the  horizon  to  the  zenith. 

If  any  circle  be  divided  into  three  hundred  and  sixty  p;u:ts,  and  the  radial  lines  con- 
nect these  parts  with  the  center,  each  pair  of  lines  subtend  an  angle  of  one  degree;  the 
'  fourth  part  of  the  circle  will  dnbtend  to  an  angle  of  ninety  degrees  or  one  right  angle, 
and  the  corresponding  radii  are  perpendicular  to  each  other;  thus  the  zenith  (  that  point 
of  the  heavens  immediately  above  the  otiserver)  is  ninety  degrees  from  the  horizon,  or, 
in  other  words,  its  altitude  is  90°.  A  point  half  way  up  from  the  horizon  to  the  xcoith 
has  an  altitude  of  45°. 

Azimuths  are  also  expressed  in  degrees,  but  are  measured  on  the  horizontal  plane, 
and  will  be  recorded  as  is  done  in  astronomy,  from  the  south  point  to  the  westward,  pass- 
ing, successively,  the  west,  north,  and  east  points  of  the  compass  nntil  ^iGO°  have  been 
pflflsed  over,  and  the  south  point  is  again  reached. 

Observers  should  be  particular  as  to  the  date  of  the  aurora;  and  when  it  begins  in  the 
evening  of  one  day  and  continues  into  the  early  morning  of  the  next  day,  it  will  he  en- 
tered as  occurring  on  the^rs^  day,  but  its  details  will  be  given  in  the  record  as  occurring 
between  tiie  hours  of  its  actual  beginning  and  ending.  Thus,  an  aurora  that  b^an  on 
the  evening  of  the  12th  of  .January  and  continned  until  the  early  morning  of  the  13th 
woald  be  entered  as  the  aurora  of  the  12th,  but  its  details  would  be  recorded  as  occurring, 
for  instance,  between  the  hours  of  10  p.  ni.  of  January  12  and  2  a.  m.  of  January  13. 

Professor  Olmstead,  in  a  paper  published  by  the  Smithsonian  Institution,  clossiBes 
different  auroras  as  follows: 

**  Class  L — This  is  characterized  by  the  presence  of  at  least  three  out  of  four  of  the 
most  magnificenb  varieties  of  form,  namely,  arches,  strcamcrsi,  corona,  and  waves.  The 
distinct  formation  of  the  corona  is  the  most  important  characteristic  of  this  class;  yet, 
were  the  corona  distinctly  formed,  without  auroral  arches  or  waves,  or  crimson  vapor, 
it  could  not  be  considered  as  an  aurora  of  the  first  class. 

*^CiassII. — The  combination  of  ^tro  or  more  of  the  leading  characteristics  of  the  first 
class,  but  wanting  in  others,  would  serve  to  mark  class  the  second.  Thus  the  exhi- 
bition of  arches  and  streamers,  both  of  superior  brilliancy,  with  a  corona,  while  the 
waves  and  crimson  columns  were  wanting,  or  of  streamers  with  a  corona,  or  of  arches  with- 
out a  corona,  without  streamers  or  columns  (if  such  a  case  ever  occurs),  we  should  des- 
ignate as  an  aurora  of  the  second  class. 

*^* Class  III. — ^The  presence  of  oply  on^:ofthe  more  rare  characteristics,  either  streamers 
07  an  arch«  or  irregular  coruscations,  but  without  the  formation  of  a  corona,  and  with 
but  a  moderate  degree  of  intensity,  would  denote  an  aurora  of  the  third  class. 

**  Class  IV. — In  this  class  we  place  the  most  ordinary  forms  of  the  aurora,  as  a 
mere  northern  twilight,  or  a  few  streamers,  with  none  of  the  charocteristicB  that  mark 
the  grander  exhibitions  of  the  phenomenon." 

The  same  author  remarks: 

*'0n  the  evening  of  the  27th  of  August,  1827,  after  a  long  absence  of  any  striking  ex- 
hibiUon  of  the  aurora  borealis,  there  commenced  a  series  of  these  meteors,  which  in- 
creased in  frequency  and  magnificence  for  the  ten  following  years,  arrived  at  a  maximum 
during  the  years  I^,  1836,  and  1837,  and,  afler  that  period,  regularly  declined  in  num- 
ber and  Intensity  until  November,  1848,  when  the  series  appeared  to  come  to  a  close. 
The  recurrence,  however,  of  three  very  remarkable  exhibitions  in  September,  1851,  and 
of  another  of  the  first  class  as  late  as  February  19,  1852,  indicates  that  the  close  was  not 
so  abrupt  as  was  at  first  supposed;  but  still  there  was  a  very  marked  decline  in  the  num- 
ber of  great  auroras  after  1848,  and  there  has  been  scarcely  one  of  the  higher  doss  since 
1853. 

EARTHQUAKES. 

The  Chief  Signal  Officer  is  desirous  of  collecting  information  in  reference  to  all  phe- 
nomena having  a  bearing  on  the  physical  geography  of  this  continent;  and  it  is  requested 
that  observera  will  furnish  any  information  which  they  may  possess,  or  be  able  to  obtain, 
in  regard  to  earthquakes  occurring  in  their  neighborhood. 

It  will  be  interesting  to  determine  the  geographical  limits  of  the  disturbance,  and  to 
ascertain  whether  it  was  confined  to  any  particalar  geolofical  formation.    If  the  direction 


KEPORT  OP  THE  CHIEF   SIGNAL   OFFICER. 


299 


of  the  shock  vras  observed  at  a  few  places,  the  center  of  commotion  coald  be  determined; 
and  if  the  time  were  accurately  known  at  different  points,  the  velocity  of  the  earth-wave 
could  be  calculated.     Hence,  an  answer  is  requested  to  the  following  questions,  viz. : 

1.  Was  the  agitation  felt  by  yourself,  or  by  any  other  person  in  your  vicinity? 

2.  What  was  the  approximate  time  of  the  occurrence  ? 

3.  What  was  the  number  and  duration  of  the  shocks? 

4.  What  was  the  direction  of  the  motion  ? 

5.  What  was  the  character  of  the  disturl)ancc;  was  it  vertical,  horizontal,  or  obli(|ue; 
was  it  an  actual  oscillation;  an  upheaval  and  depression,  or  a  mere  tremor? 

6.  Was  there  any  noise  heard;  and  if  so,  what  was  its  character? 

7.  Was  the  place  of  observation  on  soil  ground,  or  on  a  hard  foundation  near  the  under- 
lying rocks  of  the  district? 

8.  Were  any  facts  observed  having  apparently  an  immediate  or  remote  bearing  on  this 
phenomenon? 

9.  What  was  the  intensity  of  the  force  in  reference  to  producing  motion  in  bodies  and 
cracks  in  walls  ? 

Note. — Please  reply  to  the  first  question,  if  to  no  other;  for  an  answer  to  it  is  neces- 
sary, in  order  to  determine  the  limits  of  the  commotion. 

The  direction  of  the  impulse  may  have  been  ascertained  by  observing  the  direction  in 
which  molasses,  or  any  viscid  liquid,  was  thrown  up  against  the  side  of  a  bowl.  The 
remains  of  the  liquid  on  the  side  of  a  vessel  would  indicate  the  direction  some  time  after 
the  shock  occurred. 

QENEBAL  PHENOMEKA  OF  CLIMATE. 

Phenomena  of  a  general  character,  of  which  the  date  of  appearance  cannot  be  mis- 
taken, are  very  vsduable.  Series  of  years  have  in  some  cases  been  carefully  observed, 
which  would  greatly  add  to  the  value  of  the  current  record,  if  forwarded  with  it  The 
following  are  of  this  class: 

1.  Breaking  np  of  ice  in  large  rivers  or  bays. 

2.  Date  of  greatest  rise  and  lowest  Ml  of  water  in  large  rivers,  especially  when  peri- 
odic, OS  in  parts  of  the  interior. 

3.  General  leafing  and  fall  of  leaf  in  decidious  forests.  In  most  jNirts  of  the  North 
and  the  interior,  these  are  well  marked  and  easily  designated  periods. 

4.  Beginning  of  growth  and  the  end  of  growth  or  destruction  of  grasses  in  general, 
as  on  plains  or  prairies. 

6.  First  growth,  flowering,  and  maturity  of  important  annual  staples,  with  their  pe- 
riod in  days  from  the  beginning  to  the  end  of  vitcJ  action. 

Voluntary  observers  are  requested  to  include  in  their  monthly  reports  all  reliable  in- 
fonnation  relative  to  the  destruction  of  life  and  property  coming  to  their  knowledge, 
claasiiying  it,  as  fiir  as  possible,  as  indicated  in  the  foUowiug  table: 


m 

g 
s 

OB 


n 


8  O 

it 


I 


u 

a 

s 


a| 

a  s 

3 

J5 


a  O  «  9 


a  ilia 

a  >  act 


•  •   •  «a 

00*2  g  V 

M      «■      A 

^  ^^,9  9 

a&l&a 

aS^  SB  cs 
J5 


tit 

SI 

ag. 

li 


aa 


aM^ 


300  REPORT   OF   THE   CHIEF   SIGNAL   OFFICER. 


SPECIAL  DIRECTIONS  TO  THE  VOLUNTARY  OBSERVERS  OF  THE  SIGNAL 

SERVICE. 

In  the  redaction  of  the  meteorological  reconls  presented  to  this  office,  much  additioiMl 
labor  bos  resulted  from  the  occasional  omission  in  the  records  of  some  ii^portant  facts* 
and  in  a  want  of  perfect  uniformity  iu  noting;  the  phenomena.  To  insure  nniformitj  in 
the  records  attention  is  called  to  the  following  remarks: 

1.  Failure  to  record  latitude  and  longUude,  name  and  staiion  of  the  observer ,  and  date  on 
each  sJieet;  the  observer  probably  supposing  it  sufficient  to  insert  them  once  on  the  first 
sheet  sent,  and  so  omitting  them  afterwan&.  This  often  renders  it  necessary  to  search 
back  through  all  the  series  of  registers  to  some  one  that  contained  them — perhaps  in  a 
former  year.     Theij  should  be  intteried  on  every  sheet. 

2.  Dcsignaiiny  the  sauie  place  by  different  names^  thus  rendering  it  impossible  to  distin- 
guish whether  it  was  one  place  or  two,  unless  by  accidentally  noticing  the  similarity  in 
the  name  of  the  observer  or  in  the  latitude  and  longitude.  Such  changes  of  name 
should  be  avoided  when  practicable;  and  when  necessarily  made,  special  attention  should 
be  called  to  it. 

3.  Diversity  in  the  mode  of  recording  the  barometer^  as  follows : 

(a)  Integers  record  infuil^  thus  29.35.     (Tins  is  the  proper  mode, ) 

(6)  Int^ers  omitted  when  the  same  as  in  the  entry  next  above,  thus  38. 

(c)  Integers  omitted  when  the  same  as  in  the  entry  next  to  the  left, 

id)  Intc^rs  omitted  when  the  same  as  in  the  entry  next  preceding  in  the  order  of 

time, 
(c}  Integers  omitted,  except  where  they  are  different  from  the  usual  ones  at  the 

p&ce  of  observation. 
(/)  Integers  inserted  occasionally  and  apparently  without  any  system  whatever. 
{g)  A  constant  suppressed,  and  the  excess  or  deficiency  recorded,  as  +  or  — . 
The  proper  mode  is  that  indicated  by  (a). 

4.  Diversity  in  the  mode  of  recording  the  tliermometer,  when  it  is  below  zero,  as  follows: 

(a)  Indicated  by  the  sign  minus  —  placed  before  it,  thus  —  16°. 

(This  is  the  proper  mode,) 

(b)  Indicated  by  the  same  sign  placed  after  It  thus,  16° — . 

(c)  Indicated  by  writing  it  under  a  zero — thus  —^, 

(d)  Indicated  by  writing  it  after  a  zero,  with  a  comma  between,  thus,  0,16°. 

(c)  Indicated  by  the  ww^  '^ below,"  or  the  abbreviation  b  written  before  or  after 
it— thus  16°  below,  16°  b,  b  16°,  or  below  16°. 
The  first  (a)  is  the  proper  mode. 

5.  Departure  from  t/ie  printed  instructions  in  recording  the  degree  of  doudineasj  some  ob- 
servers reversing  the  figures  and  using  10  to  denote  a  clear  sky,  and  O,  one  entirely  over- 
cast; and  others  omitting  the  record  altogether  in  the  columns  of  cloudiness  when  the  sky 
is  dear,  and  in  place  of  it  sometimes  inserting  the  word  *'  dear^^  in  the  columns  of  "re- 
marks,'' or  elsewhere.  Both  lead  to  error,  and  should  be  avoided — the  zero  should  al- 
ways be  inserted  "  in  the  narrow  column,"  as  directed,  when  the  sky  is  clear. 

6.  Diversity  in  the  use  of  the  character  (0)  in  recording  the  m4dion  of  the  cUmdSy  as  follows: 

(a)  Used  to  signify  a  calm,  or  that  there  is  no  perceptible  motion. 
(This  is  the  correct  use). 

(b)  Used  to  signify  that  the  sky  is  clear,  instead  of  inserting  it  in  the  proper  column. 

(c)  Used  to  signify  that  no  observation  was  taken. 

(d)  Used  to  signify  that  the  direction  in  which  the  upper  current  was  moving  could 
not  be  determined  on  account  of  the  sky  being  either  perfectly  clear  or  entirely  over- 
cast. 

The  first  (a)  is  the  correct  use. 

7.  Want  of  full  and  proper  records  of  the  direction  of  the  wind,  some  observers  recort- 
ing  the  direction  only  after  each  change,  and  then  omitting  it  so  long  as  it  continues  the 
same,  merely  inserting  a  figure  to  denote  the  force.  It  is  better  to  make  the  record  in 
fulL  Other  observers  record  the  direction  towards  which  the  wind  or  clouds  are  moving 
instead  of  indicating  that /rom  which  they  come.  A  wind  from  the  north,  or  clouds 
moving /ram  the  north,  are  to  be  denoted  by  N,  and  from  the  south  by  S,  &c. 

8.  Different  kinds  of  thermometers  or  different  exposures  used  for  the  dry  and  wet^butb  tker- 
mometerSf  so  that  the  observations  are  not  comparable  readily,  if  at  all. 

9.  Diversity  in  the  use  of  the  dash  and  the  sign  (")  as  follows: 

(a)  To  signify  that  the  entry  next  above  is  to  be  repeated. 

(b)  To  signify  that  the  entry  next  to  the  left  is  to  be  repeated. 

Ic)  To  signify  that  the  entry  next  precieding  in  the  order  of  time  is  to  be  repeated. 
(d)  To  signify  nothing  at  all,  but  merely  to  fill  a  blank. 


REPORT   OF   THE   CHIEF   SIGNAL   OFFICER.  301 

■ 

The  use  of  these  characters  has  caused  much  trouble  in  the  reduction,  and  the  true 
remedy  would  be  to  avoid  them  aJtogeiher,  by  making  each  record  complete  in  itself. 

10.  JUegibility  of  the  records,  either  from  defective  chirography  or  from  being  entered 
in  pencil  marks  and  partly  erased. 

INSTBUCTIONS  IN  THE  USE  OF  THE  TABLES. 

The  first  table  will  enable  any  one  to  obtain  at  sight  the  dew-point  and  relative  hu- 
midity when  the  air  and  wet-bulb  temperatures  are  given. 

Example:  Given  <=G0*';,  t^=5l°\  M^=9°,  with  fc=60°  and  M/=9*',  we  find  from  the 
table  A,  dew-point=43^  and  relative  humidity  53  per  cent.  If  it  be  desired  at  a  high 
station,  with  a  pressure  of,  say,  24^^,  to  correct  the  above  values,  it  may  be  done  as  fol- 
lows: The  vapor  tension  corresponding  to  43°  dew-point  is  found  from  the  second  column 
to  be  .277^^  and  the  correction  to  this  by  table  B  at  24^^  is  -f.018^^,  hence  the  v.  i.  cor- 
rected for  elevation  is  .295^^;  the  dew-point  corresponding  to  this  v.  t.  is  44.5°;  with  this 
dew-point  and  air  temperature  60°  we  find  the  relative  humidity  56.5  per  cent.  At 
tempieratures  below  20°  the  nearest  even  tenth  should  be  taken  for  t-l^  and  between  20° 
and  80°  the  nearest  .5°  should  be  used. 

ABSOLUTE  HUMIDITY. 

If  any  one  desires  to  determine  the  absolute  humidity  in  grains  per  cubic  foot  he  can 
do  so  by  using  Table  C.  Enter  the  table  with  the  dew-point,  and  the  absolute  humidity 
may  be  taken  right  out;  for  example,  a  dew-point  of  43°  shows  3.178  grains  of  moisture 
in  each  cubic  foot,  at  the  temperature  of  t=-60  and  ^^=51°.  It  will  be  readily  seen 
that  when  we  have  the  dew-point  given  we  virtually  have  also  the  vapor  tension  and 
absolute  humidity;  t.  c,  at  any  station  the  form  of  the  curve  of  the  above  three  elements 
will  be  absolutely  the  same.  When  we  have  lines  of  equal  dew-point  on  a  map  of  any 
region  we  have  also  those  of  equal  vapor  tension,  and  absolute  humidity,  or,  in  other 
words,  a  line  of  equal  dew-})oints  marked  as  49°  may  be  marked  as  equivalent  to  a  vapor 
tension  of  .347^^  and  an  absolute  humidity  of  3.937  grains. 

CORBECTION  OP  BABOMETEB  BEADING  TO  32°. 

Table  D. — Enter  the  table  with  the  observed  pressure  and  the  temperature  of  the  at- 
tached thermometer.  For  example,  suppose  we  have  given  pressure  28^^.5  and  attached 
thermometer  73°,  the  correction  would  be  — .113^^;  that  is,  .113^^  must  be  subtracted 
from  the  reading  of  the  barometer  to  reduce  it  to  freezing. 

SEDUCTION  OF  BAROMETER  BEADINQS  TO  SEA-LEVEL. 

Table  E  is  to  be  used  for  this  reduction.  The  following  example  will  show  its  use : 
Suppose  the  height  of  the  station  is  670  feet,  and  the  temperature  of  the  outside  air  ob- . 
tained  from  the  dry-bulb  thermometer  at  the  time  of  the  observation  is  45^,  then  the 
reduction  would  be  .737^^  or  .74^^  ;  this  amount  is  to  be  added  to  the  observed  barometer 
reading  to  reduce  it  to  sea-level.  In  using  the  table  observers  should  construct  one  in 
manuscript,  afler  learuing  the  height  of  the  station;  this  should  be  carried  out  to  every 
degree  or  every  two  degrees  of  air  temperature  for  the  height  of  the  station  as  found  in 
the  left-hand  column. 
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Table  A.—De»-pomt  and  reUUive  Immiditg. 
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Tahle  a. — D<nc-poiHi  and  rtlatiix  hvmidilg — ContiuDed. 


D«prt«iori  of  the  vjrt  bulb  Ihermomclcr  (1— O. 
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Taule  a. — ZJeuhpoint  and  rdatice  humidUg — CoDtiuued. 
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TAiir,!':  \.—I>iw-puiiU  unit  niativc  humUits — Coutinnuli. 
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Table  A.-~lhif-i>iiiiil  wid  rrlalirr  humi'lils—CoalinaeA. 


BEPOHT  OP  THE  CHIEF  SIGNAL  OFFICEE. 
Taule  a. — Dae-poinl  and  relati«e  /mmidity — Continned. 
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Table  A. — Dnn-poinl  and  rflaU've  hitmidilg — ContJaned. 
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Table  A. — Deat-point  and  relative  hmuidUs — CoDtioned. 
Depretmlan  of  Uie  iret-bulb 
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Tablk  B. — Oorredion  qf  vapor  tension  for  eilevaimi. 
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Table  C—Deuhpoint  and  abaoluU  humidUy, 
[Gndna  per  cubio  foot.] 
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Table  D. — Correction  to  he  applied  to  barometers  with  brass  scales,  cxt^tidtng  from  the  ciaUrn 
to  the  top  of  the  mercurial  column,  to  reduce  the  observation  to  32^  Fahrenheit. 
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.082 

.033 

.033 

.084 

.034 

'    .035 

.029 

.030 

.aw 

.0.31 

.031 

.032 

.f»33 

.083 

.034 

.034 

.(K{5 

.036 

.036 

.087 

.037 

.031 

.032 

.032 

.083 

.034 

.034 

.035 

.0»5 

.036 

.037 

.088 

.088 

.089 

.040 

.040 

.083 

.034 

.035 

.035 

.036 

.1X17 

.0.57 

.038 

.039 

.040 

.040 

.041 

.042 

.042 

.043 

.035 

.086 

.037 

.038 

.038 

.089 

.040 

.041 

.041 

.042 

.043 

.044 

.044 

.045 

.046 

.088 

.038 

.089 

.040 

.041 

,042 

.042 

.013 

.044 

.045 

.045 

.046 

.047 

.048 

.049 

.040 

.041 

.041 

.042 

.043 

.044 

.045 

.046 

.046 

.047 

.048 

.049 

.000 

.061 

.061 

.042 

.043 

.044 

.045 

.015 

.046 

.047 

.048 

.049 

.060 

.051 

.052 

.062 

.053 

.064 

.044 

.046 

.(M6 

.047 

.048 

.049 

.050 

.050 

.051 

.062 

.053 

.054 

.065 

.066 

.067 

.046 

.047 

.048 

.049 

.000 

.051 

.052 

.063 

.054 

.065 

.066 

.067 

.066 

.069 

.060 

REPORT   OP  THE   CHIEF   SIGNAL   OFFICER. 


313 


Table  £> — Continued. 


3 

Inches. 

a 

24.0 

24.5 

25.0 

25.5 

26.0 

26.5 

27.0 

27.5 

28.0 

28.5 

29.0 

29.5 

80.0 

30.5 

31.0 

o 
51 

.048 

.049 

.060 

.051 

.062 

.053 

.054 

.065 

.006 

.067 

.058 

.069 

.060 

.061 

.062 

52 

.050 

.052 

.063 

.054 

.055 

.056 

.067 

.058 

.059 

.060 

.061 

.062 

.063 

.064 

.065 

63 

.053 

.064 

.066 

.056 

.037 

.068 

.069 

.060 

.061 

.063 

.064 

.065 

.066 

.067 

.068 

54 

.065 

.056 

.067 

.068 

.069 

.060 

.062 

.063 

.064 

.065 

.066 

.067 

.068 

.070 

.071 

55 

.057 

.058 

.059 

.060 

.062 

.063 

.064 

.065 

.066 

.068 

.069 

.070 

.072 

.072 

.073 

56 

.069 

.060 

.061 

.063 

.064 

.066 

.066 

.068 

.069 

.070 

.071 

.078 

.074 

.075 

.076 

57 

.061 

.062 

.064 

.065 

.066 

.068 

.069 

.070 

.071 

.073 

.074 

.075 

.076 

.078 

.079 

58 

.063 

.065 

.066 

.067 

.069 

.070 

.071 

.073 

.074 

.076 

.077 

.078 

.079 

.081 

.082 

59 

.065 

.067 

.068 

.070 

.oa 

.072 

.074 

.075 

.076 

.078 

.079 

.0»J 

.082 

.083 

.085 

60 

.068 

.009 

.070 

.072 

.073 

.075 

.076 

.077 

.079 

.080 

.062 

.063 

.085 

.066 

.067 

61 

.070 

.071 

.073 

.074 

.075 

.077 

.078 

.060 

.081 

.083 

.084 

.086 

.087 

.089 

.091) 

62 

.072 

.073 

.076 

.076 

.078 

.079 

.081 

.082 

.084 

.065 

.087 

.068 

.990 

.091 

.098 

63 

.074 

.079 

.077 

.079 

.080 

.062 

.083 

.085 

.086 

.088 

.080 

.091 

.093 

.094 

.096 

64 

.076 

.078 

.079 

.081 

.062 

.084 

.086 

.087 

.089 

.090 

.092 

.094 

.096 

.097 

.098 

66 

.078 

.080 

.082 

.083 

.085 

.066 

.088 

.090 

.091 

.098 

.096 

.096 

.098 

.100 

•101 

66 

.060 

.082 

.064 

.065 

.087 

.069 

.090 

.092 

.094 

.096 

.097 

.099 

.101 

.102 

.104 

67 

.063 

.061 

.086 

.088 

.089 

.091 

.098 

.096 

.096 

.098 

.100 

.102 

.103 

.105 

.107 

68 

.085 

.066 

.068 

.090 

.092 

.094 

.096 

.097 

.009 

.101 

.102 

.104 

.106 

.108 

.109 

09 

.087 

.089 

.090 

.092 

.094 

.096 

,098 

.100 

.101 

.108 

.106 

.107 

.109 

.110 

.112 

70 

.089 

.091 

.098 

.096 

.096 

.098 

.100 

.108 

.104 

.106 

.108 

.109 

.111 

.118 

.115 

71 

.091 

.093 

.096 

.097 

.009 

.101 

.102 

.104 

.106 

.108 

.110 

.112 

.114 

.116 

.118 

72 

.093 

.095 

.097 

.099 

.101 

.108 

.105 

.107 

.100 

.111 

.113 

.115 

.117 

.119 

.12i) 

78 

.095 

.097 

.099 

.101 

.108 

.106 

.107 

.109 

.111 

.113 

.115 

.117 

.119 

.121 

.123 

74 

.097 

.099 

.102 

.104 

.106 

.106 

.110 

.112 

.114 

.116 

.118 

.120 

.122 

.124 

.120 

75 

.100 

.102 

.104 

.106 

.108 

.110 

.112 

.114 

.116 

.118 

.120 

.122 

.125 

..127 

.129 

76 

.102 

.104 

.106 

.108 

.110 

.112 

.114 

.117 

.119 

.121 

.123 

.125 

.127 

.129 

.131 

77 

.104 

.106 

.108 

.110 

.112 

.115 

.117 

.119 

.121 

.123 

.126 

.128 

.180 

.132 

.134 

78 

.106 

.108 

.110 

.113 

.115 

.117 

.119 

.122 

.124 

.126 

.128 

.180 

.133 

.135 

.137 

79 

.108 

.110 

.U3 

.U5 

.U7 

.119 

.122 

.124 

.126 

.128 

.131 

.133 

.136 

.137 

.140 

80 

.110 

,113 

.115 

.117 

.119 

.122 

.124 

.126 

.129 

.181 

.138 

.136 

.188 

.140 

.  1 13 

81 

.112 

.115 

.  .117 

.119 

,122 

.124 

.126 

.129 

.181 

.184 

.136 

.188 

.141 

.143 

.145 

82 

.114 

.117 

.119 

.122 

:i24 

.126 

.129 

.131 

.134 

.136 

.188 

.141 

.143 

.146 

.148 

83 

.117 

.119 

.121 

.124 

.126 

.129 

.131 

.134 

.186 

.189 

.141 

.143 

.146 

.148 

.151 

84 

.119 

.121 

.124 

.126 

.129 

.131 

.134 

.186 

.139 

.141 

.144 

.146 

.149 

.151 

.151 

85 

.121 

.123 

.126 

.128 

.131 

.133 

.136 

.139 

.141 

.144 

.146 

.149 

.151 

.154 

.156 

86 

.123 

.126 

.128 

.181 

.138 

.186 

.138 

.141 

.144 

.146 

.149 

.151 

.154 

.156 

.159 

87 

.125 

.128 

.130 

.133 

.136 

.138 

.141 

.143 

.146 

.149 

.151 

.154 

.157 

.159 

.162 

88 

.127 

.130 

.183 

.136 

.138 

.141 

.143 

.146 

.149 

.151 

.154 

.157 

.159 

.162 

.165 

89 

.129 

.132 

.135 

.137 

.140 

.143 

.146 

.148 

.151 

.154 

.166 

.159 

.162 

.165 

.167 

90 

.181 

.184 

.187 

.140 

.142 

.146 

.148 

.151 

.158 

.156 

.159 

.162 

.1(W 

.167 

.170 

91 

.IM 

!  .136 

.189 

.142 

.145 

.148 

.150 

.153 

.156 

.159 

.162 

.166 

.167 

.170 

.173 

92 

.136 

1  .139 

.141 

.144 

.147 

.150 

.153 

.156 

.158 

.161 

.164 

.167 

.170 

.172 

.175 

93 

.138 

!  .141 

.144 

.147 

.149 

.152 

.155 

.158 

.161 

.164 

.167 

.170 

.172 

.175 

.178 

91 

.140 

.143 

1 

.146 

.149 

.152 

.155 

.157 

.161 

.168 

.160 

,169 

.172 

.175 

.177 

.180 

95 

.142 

'  .145 

.148 

.151 

.154 

.157 

.160 

.163 

.166 

.169 

.172 

..175 

.178 

.180 

.181 

96 

.144 

.147 

.150 

.153 

.156 

.159 

.162 

.105 

.168 

.171 

.174 

.178 

.181 

.183 

.183 

97 

.146 

.119 

.152 

.156 

.159 

.102 

.1G5 

.168 

.171 

.174 

.177 

.180 

.183 

.186 

.189 

98 

.148 

.152 

.155 

.158 

.161 

.164 

.167 

.170 

,173 

.176 

.179 

.183 

.186 

.188 

.191 

99 

.151 

.151 

.157 

.160 

.163 

.166 

.169 

.173 

.176 

.179 

.182 

.185 

.188 

.191 

.191 

100 

.153 

.156 

.159 

.162 

.165 

.160 

.172 

.175 

.178 

.181 

.184 

.188 

.191 

.191 

.107 
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Temperature  of  external  air — degrees  Fahrenheit 

1 

-20O 

—10° 

OP 

100 

209 

80° 

40° 

50° 
.011 

60° 

70° 

80» 

VP 

100° 

iO 

.018 

.013 

.013 

.012 

.012 

.012 

.Oil 

.011 

.011 

.010 

.010 

.010 

20 

.026 

.025 

.025 

.024 

.023 

.023 

.028 

.022 

.022 

.021 

.021 

.080 

.000 

30 

.039 

.088 

.087 

.036 

.035 

.034 

.034 

.033 

.032 

.(02 

.081 

.090 

.030 

40 

.062 

.060 

.049 

.048 

.047 

.046 

.045 

.044 

.013 

.042 

.041 

.040 

.040 

60 

.065 

.063 

.061 

.060 

.059 

.058 

.056 

.055 

.054 

.053 

.052 

.061 

.060 

GO 

.077 

.076 

.074 

.072 

.070 

.069 

.068 

.066 

.065 

.068 

.062 

.061 

.069 

70 

.090 

.088 

.086 

.084 

.082 

.081 

.078 

.077 

.1/70 

.074 

.072 

.071 

.069 

80 

.103 

.101 

.098 

.090 

.094 

.092 

.090 

.asH 

.086 

.084 

.0X2 

.081 

.079 

90 

.116 

.113 

.m 

.108 

.105 

.104 

.101 

.099 

.097 

.096 

.093 

.091 

.089 

100 

.120 

.126 

.128 

.120 

.117 

.115 

.112 

.110 

.108 

.105 

.103 

.101 

.099 

110 

.142 

.139 

.136 

.182 

.120 

.126 

.123 

.121 

.119 

.116 

.113 

.111 

.100 

120 

.155 

.151 

.148 

.144 

.140 

.138 

.134 

.132 

.129 

.126 

.124 

.121 

.119 

130 

.168 

.164 

.160 

.150 

.152 

.149 

.146 

.143 

.140 

.137 

.134 

.131 

.129 

140 

.181 

.176 

.172 

.168 

.164 

.161 

.157 

.154 

.151 

.147 

.144 

.141 

.139 

150 

.194 

.189 

.186 

.180 

.176 

.172 

.168 

.165 

.162* 

.158 

.155 

.152 

.]« 

160 

.200 

.201 

.197 

.192 

.187 

.183 

.179 

.176 

.172 

.168 

.165 

.162 

.158 

170 

.219 

.214 

.209 

.204 

.199 

.195 

.190 

.187 

.183 

.179 

.175 

.172 

.168 

180 

.232 

.227 

.222 

.216 

.211 

.206 

.202 

.198 

.194 

.189 

.185 

.182 

.178 

190 

.245 

.239 

.234 

.228 

.222 

.218 

.213 

.209 

.204 

.200 

.190 

.192 

.188 

200 

.258 

.252 

.246 

.240 

.234 

.229 

.224 

>    .22<^ 

.215 

.210 

.206 

.202 

.198 

210 

.271 

.264 

.258 

.252 

.246 

.240 

.235 

.231 

.226 

.221 

.216 

.212 

.2[« 

220 

.284 

.277 

.270 

.2W 

.257 

.252 

.240 

.242 

.230 

.231 

.227 

.222 

.218 

230 

.296 

.289 

.283 

.276 

.269 

.263 

.257 

.25:1 

.247 

.242 

.287 

.233 

.228 

240 

.309 

.302 

.295 

.288 

.281 

.275 

.260 

.204 

.258 

.252 

.248 

.243 

.238 

250 

.322 

.814 

.307 

.300 

.298 

.286 

.280 

.275 

,209 

.2en 

.258 

.253 

.248 

260 

.836 

.327 

.319 

.311 

.304 

.297 

.291 

.285 

.279 

.273 

,  .268 

.263 

.257 

270 

.348 

.339 

.331 

.:«3 

.316 

.309 

.802 

.296 

.290 

.284 

.278 

.273 

.267 

280 

.360 

.352 

.344 

.335 

.328 

.320 

.314 

.307 

.301 

.288 

.283 

.277 

290 

.373 

.304 

.356 

.347 

.839 

.332 

.325 

.318 

.311 

.305 

.  MtrV 

.293 

.287 

300 

.386 

.377 

.368 

.359 

.351 

.843 

.836 

.829 

.322 

.315 

.309 

.303 

.297 

310 

.399 

.389 

.380 

.371 

.363 

.354 

.847 

.340 

.333 

.326 

.319 

.313 

.307 

320 

.412 

.402 

.392 

.383 

.374 

.366 

.858 

.&51 

.343 

.836 

.329 

.323 

.317 

330 

.424 

.114 

.404 

.395 

.886 

.877 

.869 

.362 

.354 

.347 

..340 

.333 

.326 

340 

.437 

.427 

.416 

.407 

.397 

.889 

.380 

.873 

.365 

.357 

.360 

.343 

.336 

aso 

.450 

.439 

.429 

.419 

.409 

.400 

.302 

.384 

.376 

.368 

.360 

.353 

.346 

360 

.463 

.451 

.441 

.430 

.421 

.411 

.403 

.394 

.380 

.378 

.370 

.363 

.356 

370 

.476 

.464 

.453 

.442 

.482 

.423 

.414 

.405 

.397 

.389 

.380 

.373 

.366 

380 

.488 

.476 

.466 

.454 

.444 

.434 

.425 

.416 

.408 

.399 

.891 

.383 

.375 

390 

.501 

.489 

.477 

.460 

.465 

.446 

.436 

.427 

.418 

.410 

.401 

.393 

.385 

400 

.514 

.501 

.489 

.478 

.407 

.467 

.447 

.438 

.429 

.420 

.411 

.408 

..366 

410 

.527 

.513 

.601 

.490 

.479 

.468 

.458 

.440 

.440 

.430 

.421 

.413 

.405 

420 

.539 

.526 

.513 

.502 

.490 

.480 

.460 

.460 

.450 

.441 

.431 

.423 

.415 

480 

.552 

.538 

.525 

.513 

.602 

.491 

.480 

.470 

.461 

.451 

.442 

.483 

.426 

440 

.565 

.551 

.537 

.525 

.513 

.602 

.491 

.481 

.471 

.462 

.452 

.448 

.434 

450 

.578 

.563 

.550 

.587 

.525 

.513 

.503 

.492 

.482 

.472 

.462 

.458 

.444 

460 

.590 

.575 

.562 

.549 

.537 

.525 

.614 

.503 

.493 

.482 

.472 

.468 

.454 

470 

.603 

.588 

.574 

.561 

.548 

.536 

.525 

.514 

.503 

.493 

.482 

.478 

.464 

480 

.616 

.600 

.586 

.572 

.660 

.547 

.536 

.524 

.514 

.503 

.403 

.488 

.474 

490 

.628 

.613 

.598 

.584 

.571 

.559 

.547 

.535 

.524 

.514 

.508 

.498 

.483 

500 

.641 

.625 

.610 

.606 

.683 

.570 

.558 

.546 

.5a5 

.524 

.513 

.608 

.498 

510 

.654 

.637 

.622 

.606 

.594 

.581 

.569 

.557 

.545 

.534 

.523 

.513 

.608 

520 

.660 

.660 

.634 

.620 

.606 

.598 

.580 

.568 

.556 

.545 

.583 

.633 

.513 

530 

.679 

.662 

.646 

.681 

.617 

.604 

.691 

.578 

.566 

.556 

.544 

.633 

.sa 

540 

.691 

.675 

.658 

.648 

.629 

.615 

.602 

.589 

.577 

.666 

.664 

.643 

.632 

660 

.704 

•  .687 

.670 

.665 

.640 

.626 

.618 

.600 

.587 

.675 

.664 

.668 

.642 

560 

.717 

.699 

.683 

.667 

.652 

..638 

.624 

.611 

.598 

.586 

.674 

.663 

.558 

670 

.729 

.712 

.695 

.579 

.668 

.649 

.635 

.622 

.608 

.596 

.584 

.878 

.562 

580 

.742 

.724 

.707 

.690 

.675 

.660 

.646 

.682 

.619 

.006 

.695 

.583 

.671 

590 

.754 

.737 

.719 

.702 

.686 

.672 

.657 

.643 

.629 

.617 

.006 

.698 

.581 

600 

.767 

.749 

.731 

.714 

'606 

.683 

.668 

.654 

.640 

.627 

.615 

.608 

,891 

610 

.780 

.761 

.743 

.726 

.709 

.694 

.679 

.665 

.650 

.637 

.625 

.618 

.601 

620 

.792 

.774 

.756 

.738 

.721 

.706 

.690 

.675 

.661 

.648 

.635 

.623 

.611 

6.% 

.805 

.786 

.767 

.749 

.732 

.717 

.701 

.686 

.671 

.658 

.645 

.633 

.630 

G40 

.817 

'  .7UH 

.779 

.761 

.744 

.728 

.712 

.697 

.6S2 

.668 

.655 

.643 

.680 

WO 

.m) 

.811 

.791 

.773 

.755 

.739 

.723 

.708 

.692 

.670 

.666 

.653 

.640 

cm 

.M4:i 

.823 

.808 

.T.sr. 

.767 

.750 

.734 

.718 

.la-j 

.680 

.676 

.662 

.GM 

070 

.«» 

.>«) 

.815 

.797 

.778 

.701 

.715 

.72*.) 

.713 

.099 

.686 

.672 

.600 

OHO 

.K4;s 

.847 

.827 

.808 

.790 

.773 

.750 

.740 

.724 

.709 

.69G 

.682 

.669 

690 

.880 

.8(iO 

.839 

.820 

.801 

.784 

.707 

.750 

.7;34 

.730 

.706 

.602 

.e^ 
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Height  in 
feet. 

Temperataro  of  external  aii^-^egreee  Fahrenheit 

• 

-2KP 

-10° 

0° 

10° 

20° 

.813 

dtp 

4ffi 

50° 

«fi 

70° 

9P 
.716 

900 
.702 

100° 

700 

.893 

.872 

.861 

.882 

.796 

.778 

.761 

.746 

.730 

.680 

710 

.906 

.881 

.863 

.814 

.824 

.806 

.789 

.772 

.756 

.740 

.726 

.712 

.608 

720 

.918 

.890 

.875 

.855 

.836 

.817 

.800 

.782 

.766 

.751 

.736 

.722 

.708 

730 

.930 

.909 

.887 

.867 

.847 

.829 

.811 

.793 

.776 

.761 

.746 

.732 

.718 

740 

.043 

.921 

.899 

.879 

.859 

.840 

.822 

.804 

.787 

.771 

.756 

.742 

.728 

750 

.956 

.933 

.911 

.891 

.870 

.861 

.833 

.816 

.797 

.782 

.767 

.752 

.738 

760 

.W8 

.945 

.922 

.902 

.881 

.862 

.843 

.826 

.808 

.792 

.777 

.761 

.747 

770 

.980 

.957 

.934 

.914 

.893 

.873 

.854 

.836 

.818 

.802 

.787 

.771 

.757 

780 

.993 

.970 

.946 

.926 

.904 

.KH6 

.866 

.847 

.820 

.812 

.797 

.781 

.767 

790 

1.006 

.982 

.958 

.937 

.916 

.896 

.876 

.867 

.839 

.823 

.807 

.791 

.776 

800 

1.018 

.994 

.970 

.949 

.927 

.907 

.887 

.868 

.850 

.833 

.817 

.801 

.786 

810 

1.030 

1.006 

.982 

.961 

.938 

.918 

.898 

.878 

.860 

.843 

.827 

.811 

.796 

830 

1.043 

1.018 

.994 

.972 

.960 

.929 

.909 

.889 

.871 

.854 

.837 

.821 

.8(16 

890 

1.066 

1.031 

1.006' 

•  wH 

.961 

.940 

.920 

.900 

.881 

.864 

.847 

.831 

.815 

840 

1.068 

1.043 

1.018 

.996 

.973 

.961 

.931 

.911 

.892 

.874 

.857 

.841 

.826 

850 

1.080 

1.065 

1.08(f 

1.007 

.984 

.962 

.942 

.922 

.902 

.886 

.867 

.851 

.835 

800 

1.098 

1.067 

1.041 

1.019 

.996 

.974 

.962 

.932 

.918 

.896 

.877 

.860 

.844 

870 

1.10»- 

1.079 

1.053 

1.030 

1.007 

.986 

.  VD3 

.943 

.923 

.905 

.887 

.870 

.854 

880 

1.118 

1.092 

1.065 

1.042 

1.018 

.996 

.974 

.964 

.934 

.916 

.897 

.880 

.864 

890 

1.130 

1.104 

1.077 

1.063 

1.030 

1.007 

.986 

.964 

.914 

.926 

.907 

.890 

.873 

900 

1.143 

1.116 

1.089 

1.066 

1.041 

1.018 

.996 

.976 

.966 

.936 

.917 

.900 

.  t9SS 

910 

1.155 

1.128 

1.101 

1,077 

1.062 

1.029 

.007 

.986 

.965 

.946 

.927 

.910 

.893 

920 

1.168 

1.140 

1.113 

l.ORH 

1.064 

1.040 

1.018 

.996 

.976 

.966 

.937 

.920 

.902 

930 

1.180 

1.152 

1.126 

1.100 

1.075 

1.061 

1.029 

1.007 

.986 

.967 

.947 

.929 

.912 

910 

1.193 

1.164 

1.137 

I.IU 

1.086 

1.068 

1.040 

1.017 

.997 

.977 

.967 

.939 

.9il 

960 

1.206 

1.177 

1.149 

1J23 

1.096 

1.074 

1.061 

1.028 

1.007 

.987 

.967 

.949 

.931 

960 

1.217 

1.189 

1.160 

1.136 

1.109 

1.085 

1.061 

1.039 

1.017 

.997 

.977 

.969 

.841 

970 

1.230 

1.201 

1.172 

1.146 

1.120 

1.096 

1.072 

1.049 

1.028 

1.007 

.987 

.969 

.950 

980 

1.242 

1.213 

1.184 

1.158 

1.131 

1.107 

1.063 

1.060 

1.038 

1.018 

.997 

.978 

.960 

990 

1.265 

1.225 

1.190 

1.169 

1.143 

1.118 

1.094 

1.070 

1.049 

1.028 

1.007 

.988 

.969 

1.000 

1.267 

1.237 

1.208 

1.181 

1.154 

1.129 

1.106 

1.081 

1.069 

1.038 

1.017 

.998 

.979 

1,010 

1.279 

1.249 

1.220 

1.192 

1.166 

1.140 

1.116 

1.092 

1.060 

1.048 

1.027 

1.008 

0.989 

1,020 

1.292     1.261 

1.282 

1.204 

1.177 

1.161 

1.127 

1.102 

1.080 

1.068 

1.037 

1.018 

0.998 

1,030 

1.804 

1.273 

1.243 

1.216 

1.188 

1.162 

1.137 

1.113 

1.090 

1.069 

1.047 

1.027 

1.008 

1.040 

1.317 

1.285 

1.255 

1.227 

1.199 

1.173 

1.148 

1.123 

1.101 

1.079 

1.0J7 

1.037 

1.017 

1,060 

1.329 

1.298 

1.267 

1.288 

1.211 

1.184 

1.169 

1.134 

1.111 

1.089 

1.067 

1.047 

1.027 

1.060 

1.841 

1.310 

1.279 

1.250 

1.222 

1.196 

1.170 

1.145 

1.121 

1.099 

1.077 

1.057 

1.037 

1,070 

1.364 

1.322 

1.291 

1.261 

1.288 

1.206 

1.181 

1.156 

1.132 

I.IOO 

1.087 

l.«)7 

1.046 

1.080 

1.366 

1.834 

1.302 

1.273 

1.244 

1.217 

1.191 

1.166 

1.142 

1.120 

1.097 

1.076 

1.056 

1.090 

1.379 

1.346 

1.314 

1.284 

1.256 

1.228 

1.202 

1.176 

1.153 

i.iao 

1.107 

1.086 

1.066 

1,100 

1..391 

1.858 

1.326 

1.296 

1.287 

1.239 

1.213 

1.187 

1.163 

1.140 

1.117 

1.096 

1.075 

1,110 

1.403 

1.370 

1.33R 

1.807 

1.278 

1.250 

1.224 

1.198 

1.173 

1.150 

1.127 

1.196 

1.086 

1,120 

1.410 

1.382 

1.350 

1.319 

1.289 

1.261 

1.235 

1.206 

1.184 

1.160 

1.137 

1.115 

1.094 

1,130 

1.428 

1.394 

1.361 

1.330 

1.801 

1.272 

1.246 

1.219 

1.194 

1.170 

1.147 

1. 125 

1.104 

1,140 

1.440 

1.406 

1.373 

1.342 

1.812 

1.283 

1.266 

1.229 

1.204 

1.180 

1.157 

1.135 

1.113 

1,150 

1.453 

1.418 

1.385 

1.353 

1.323 

1.294 

1.267 

1.240 

1.215 

1.191 

1.167 

1.145 

1.123 

1,160 

1.465 

1.430 

1.397 

1.365 

I..33i 

1.306 

1.278 

1.251 

1.225 

1.201 

1.177 

1.151 

1.133 

1,170 

1.477 

1.4^12 

1.409 

1.376 

1.316 

1.315 

1.289 

1.261 

1.235 

1.211 

1.187 

1.161 

1.142 

1,180 

1.489 

1.454 

1.420 

1.388 

1.357 

1.327 

1.299 

1.272 

1.245 

1.221 

1.197 

1.174 

1.152 

1,190 

1.602 

1.466 

1.432 

1.399 

1.368 

1.338 

1.310 

1.282 

1.256 

1.231 

1.207 

1.183 

1.161 

1,200 

1,514 

1.478 

1.444 

1.411 

1.379 

1.349 

1.821 

1.299 

1.266 

1.241 

1.217 

1.193 

1.171 

1,210 

1.526 

1.490 

1.456 

1.422 

1.390 

1.360 

1..332 

1.308 

1.276 

1.251 

1.227 

1.203 

1.180 

1,220 

1.530 

1.502 

1.467 

1.434 

1.401 

1.371 

1.342 

1.314 

1.288 

1.261 

1.237 

1.212 

1.190 

1.230 

1.551 

1.514 

1.479 

1.445 

1.413 

1.882 

1.353 

1.324 

1.297 

1.271 

1.247 

1.222 

1.190 

1.240 

1.463 

1.526 

1.491 

1.457 

1.424 

1.893 

1.364 

1.336 

1.307 

1.281 

1.257 

1.232 

1.209 

1.250 

1.576. 

1.538 

1.502 

1.468 

1.435 

1.404 

1.374 

1.345 

1.317 

1.291 

1.266 

1.242 

1.218 

1.260 

1.588 

1.550  1  1.514 

1.479 

1.446 

1.415 

1.385 

1.356 

1.328 

1.302 

1.270 

1.251 

1.228 

1,270 

1.600 

1.562 

1.526 

1.491 

1.457 

1.426 

1.396 

1.366 

1.338 

1.312 

1.280 

1.261 

1.237 

1,280 

1.612 

1.574 

1.538 

1.502 

1.469 

1.437 

1.407 

1.377 

1.348 

1.322 

1.296 

1.271 

1.247 

1,290 

1.625 

1.686 

1.549 

1.514 

1.480 

1.448 

1.417 

1.387 

1.359 

1.332 

1.306 

1.280 

1.256 

1,300 

1.637 

1.598 

1.561 

1.525 

1.491 

1.459 

1.428 

1.398 

1.369 

1.342 

1.316 

1.2U0 

1.266 

1.310 

1.649 

1.610 

1.673 

1.5.36 

1.502 

1.470 

1.439 

1.408 

1.379 

1.352 

1.326 

1.300 

1.275 

1,820 

1.661 

1.622 

1.584 

1.548 

1.513 

1.481 

1.449 

1.419 

1.390 

1.862 

1.330 

1.309 

1.2&5 

1,,330 

1.674 

1.634 

1.696 

1.569 

1.525 

1.492 

1.460 

1.429 

1.400 

1.372 

l.:346 

1.310 

1.294 

1.840 

1.686 

1.646 

1.608 

1.571 

1.536 

1.603 

1.471 

1.440 

1.410 

1.382 

1.356 

1.829 

1.304 
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Temperature  of  eztenuU  air— desiees  Fahrenheit. 


n 


1,350 
1,960 
1,870 
1,380 
1,890 

1,400 
1,410 
1,420 
1,480 
1,440 

1,400 
1,460 
1,470 
1,480 
1,490 

1,600 


-QtP 


1. 

1.710 

1.732 

1.785 

1.747 

1.760 
1.771 
1.788 
1.796 
1.806 

1.820 
1.R32 
1.844 
1.8R7 
1.809 

1.881 


—100 


1.668 
1.609 
1.681 
1.693 
1.706 

1.717 
1.729 
1.741 
1.763 
1.766 

1.777 
1.788 
1.800 
1.812 
1.824 

1.836 


(fi 


1.620 
1.631 
1.648 
1.666 
1.666 

1.678 
1.690 
1.701 
1.713 
1.724 

1.736 
1.748 
1.760 
1.771 
1.782 

1.7M 


100 


1.682 
1.603 
1.606 
1.616 
1.628 

1.639 
1.680 
1.662 
1.678 
1.686 

1.606 
1.707 
1.719 
1.730 
1.742 

1.7S8 


200 


1.647 
1.668 
1.669 
1.681 
1.592 

1.603 
1.614 
1.625 
1.626 
1.647 

1.658 
1.670 
1.681 
1.692 
1.703 

1.714 


9P 


1.614 
1.524 
1.635 
1.546 
1.657 

1.508 
1.679 
1.590 
1.601 
1.612 

1.623 
1.633 
1.644 
1.656 
1.666 

1.677 


400 


1.482 
1.492 
1.903 
1.514 
1.534 

1.685 
1.546 
1.566 
1.667 
1.577 


1. 

1.599 

1.6U9 

1.620 

1.630 

1.641 


60° 

60° 

70P 

SOP 

• 

1.460 

0 

1.420 

1.398 

1.366 

1.461 

1.431 

1.408 

1.375 

1.471 

1.441 

1.413 

1.385 

1.482 

1.451 

1.423 

1.395 

1.492 

1.462 

1.433 

1.405 

1.508 

1.472 

1.443 

1.415 

1.513 

1.482 

1.453 

1.425 

1.524 

1.492 

1.463 

1.435 

1.634 

1.608 

1.473 

1.444 

1.545 

1.513 

1.483 

1.454 

1.565 

1.523 

1.498 

1.464 

1.565 

1.533 

1.608 

1.474 

1.576 

1.543 

1.513 

1.484 

1.585 

1.554 

1.523 

1.493 

1.697 

1.564 

1.633 

1.503 

1.607 

1.674- 

1.548 

1.513 

VfP 


I 


1.339 
1.348  i 
1.358 
1.368 
1.377 

1.387 

.397 

.406 

1.416 

1.426 

1.436 
1.445 
1.455 
1.465 
1.474 

1.484 


lafi 


1.313 
1.323 
1.332 
1.312 
1.331 

1.361 
1.3T0 
1.3M) 
1.389 
1.3SI9 

1.4WJ 
L41S 
1.427 
1.437 
1.446 

1.456 


APPENDIX    27. 

CLASSIFIED  LIST  OF  STATIONS  OF  THE  SIGNAL  SERVICE. 

STATIONS  OF  THE  FIBST  OSDEB, 

Making  coniinuow  records  by  means  of  sdf -registering  instrumenis, 

Washington  City.l[ 


STATIONS  OF  THE  SECOND  OBDEB, 

Taking  six  observations  (ktiljf,  reporting  three  times  a  day  by  telegraphy  and  monthly  by  maiL 


Boston,  Ma88.t*ir 
Chicago,  Ill.t*1[ 
New  York  City.t*1F 
Philadelphia,  Pa.f 


Prescott,  Aiiz. 
Saint  Louis,  Mo-tlT 
San  Francisco,  C^.t2* 


Taking  five  observations  daily,  reporting  three  tiines  a  day  by  telegraphy  and  monthly  by  maU 


Abilene,  Tex.  If 
Albany,  N.  Y.1F 
Alpena,  Mich.t* 
Atlanta,  Ga-Uf 
Atlantic  City,  N.  J.f* 
Augusta,  Ga.nilir 
Baltimore,  Md.t*1[ 
Block  Island,  R.  I.f* 
Bridger,  Fort,  Wyo. 
Buffalo,  N.  Y.fl 
Cairo,  HI.  JIT 
Canby,  Fort,  Wash.t* 
Cape  Henry,  Va.* 
Cape  Mendocino,  CaL 
Cedar  Keys,  Fla.t*|| 
Charleston,  a  C.t*|nr 
Charlotte.  N.  CIIIT 
Chattanooga,  Tenn^lTII 
Cheyenne^  Wyo.  If 
Chincoteague,  Va.t* 
Cineinnati,  Ohio.^^ 
Cleveland,  Ohio-f*! 
Columbus,  Ohio.  If 
Concordia,  Kans.lf 
Davenport,  lowa-Jlf 
Denver,  Colo.  If 
Des  Moines,  lowa.^ 
Detroit,  Mich.t*1f 
Dodge  City,  Kans.^ 
Eastport,  Me.t* 


El  Paso,  Tex. 
Erie.  Pa.*1f 
Escanaba,  Mich.f* 
Fort  Smith,  Ark.  till 
Galveston,  Tex.t*||f 
Grand  Haven,  Mich.t^ 
Hatteras,  N.  C* 
Huron,  Dak. 
Indianapolis,  Ind.f 
Indianola,  Tex.*t 
Jacksonville,  Fla.t^ 
Keokuk,  Iowa.]:7 
Key  West,  Fla.t* 
Kitty  Hawk,  N.  C* 
Knoxville,  Tenn.i1f 
La  Crosse,  Wiajf 
Lamar,  Mo.^ 
Leavenworth,  Kan8.t| 
Little  Rock,  Ark.t||1| 
Los  Angeles,  Cal. 
LouisvUle,  Ky.JJ 
Lynchbux^,  Va.f 
Mackinaw  City,  Mich.t* 
Macon,  Fort.  N.  C* 
Marquette,  Mich.f* 
Memphis,  Tenn.t||1f 
Milwaukee,  Wi8.t*1f 
MobUe,  Ala.t*||1f 
Montgomery,  Ala.||| 
Moorhead,  Minn. 


*  Displays  cautionary  signals. 

t  riakes  observations  of  temperature  of  the  water  in  river  or  harbor  at  2  p.  m.  (75th 
meridian  time),  daily. 

t  Takes  observations  of  the  stage  of  water  in  the  river  at  2  p.  m.  (75th  meridian  time), 
daily. 

g  Prints  Farmers'  Bulletin. 

II  Takes  cotton-region  observation  at  6  p.  m.  (75th  meridian  time),  daily. 

If  Displays  cold-wave  signal. 
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Mount  Washington,  N.  H.  Sacramento,  Cal4 

Myer,  Fort,  Va.  '  Saint  Paul,  Minn41f 

Nashville,  Tenn4||f  Saint  Vincent,  Minn. 

New  London,  Conn.t^  Salt  Lake  City,  Utah. 

New  Orleans,  La.t*||T  Son  Diego,  Cal.* 

Norfolk,  Va.t*1[  '  Sandusky,  Ohio.t*ir 

North  Platte,  Nebr.lf  Sandy  Hook,  N.  J.f* 

Olympia,  Wash.*  San  Luis  Obispo,  CaL 

Omaha,  Nebr.tf  6anta  F6,  N.  Mex. 

Oswego,  N.  Y.*l  Savannah,  Ga.t*l|J 

Palestine,  Tex.||1f  Shreveport,  La.tlif 

Pensacola,  Fla-f*  Smithville,  N.  C.f* 

Pittsburg,  Pa.tir  Springfield,  IlLf 

Port  Huron,  Mich.*  Toledo,  Ohio.  t*f 

Portland,  Me,t*1^  Valentine,  Nebr. 

Portland,  Oreg4t  Vlcksburg,  Miss-tHIT 

Ked  Bluff,  Cal4  West  Las  Animas,  Colo. 

Kio  Grande  City,  Tex.  Winnemucca,  Nev. 

Rochester,  N.  Y,^  Yankton  I)ak41f 

Roseburg,  Oreg.  Ymna,  Aiiz.t 

lakifigfive  observations  dailif,  making  report  once  a  dojf  hy  telegraphy  and  monihiy  bjf  mail. 

Dubuque,  Iowa.tf 

T\Mnffflve  observations  daily,  and  reporting  monthlg  by  maiL 

Bois^  City,  Idaho.  Pike's  Peak,  Colo. 

Frisco,  Utah.  Sanford,  Fla.f 

Greencastle,  Ind.lf  Walla  Walla,  Wash. 

Keeler,  Cal.  WUmington,  N.  C.t*||ir 
New  Haven,  Conn.tlT 

Taking  three  obserwUions  dailg^  reporting  throe  times  a  day  by  telegraphy  and  monthly  by  MOtl 

Apache,  Fort,  Ariz.  Montrose,  Colo. 

AssinabDine,  Fort,  Mont.  Nantucket,  Nantucket  Island,  Mass.* 

Bismarck,  Dak.  Poplar  River,  Mont. 

Brownsville,  Tex.  Port  Angeles,  Wash.* 

Buford,  Fort,  Dak.  San  Antonio,  Tex.|| 

Custer,  Foit.  Mont.  Shaw,  Fort,  Mont. 

Deadwood,  Dak.  Still,  Fort,  Ind.  T. 

Duluth.  Minn.*t  Spokane  Falls,  Wash. 

Elliott,  Fort,  Tex.  Stanton,  Fort,  N.  Mex. 

Helena,  Mont.  Tatoosh  Island,  Wash. 

Maginnis,  Fort,  Mont  Totten,  Fort,  Dak. 

Taking  three  observations  daily,  and  reporting  monthly  by  maiL 

Benton,  Fort,  Mont  Sitka,  Alaska. 

Bidwell,  Fort,  Cal.  SuUy,  Fort,  Dak. 

Davis,  Fort,  Tex.  Thomas,  Fort  Ails. 

Grant,  Fort.  Ariz. 

Mnmtrekhlagamut,  Eoskokvim  River, 
Alaska. 

*  Displays  cautionary  signals. 

t  Takes  observations  of  temperature  of  water  in  the  river  or  harbor  at  2  p.  m.  (75Ui 
meridian  time),  daily. 

t  Takes  observations  of  the  stage  of  water  in  the  river  at  2  p.  m.  (75th  meridian  time), 
daily. 

t Takes  cotton-region  observations  at  6  p.  m.  (75th  meridian  time),  daily. 
Displays  cold- wave  signaL 
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STATIONS  OF  THB  THIBD  OBDEB, 
Tbkituf  one  odaenHUion  daily  [at  the  hour  of  siAJiset)^  arid  reporting  morUhly  hy  inaU. 

■ 

Ashland,  Oreg.  Nairagansett  Pier,  R.  I. 

Astoria,  Oreg.*  Neah  Bay,  Wash. 

Bowie,  Fort,  Ariz.  New  River  Inlet,  N.  C* 

Cape  Henlopen,  DeL*  Ocean  City,  Md. 

Ccear  d'Alene,  Fort,  Idaho.  Phoanix,  Ariz. 

Cottage  City,  Mass.*  Pysht,  Wash. 

Dnrango,  Colo.  Reno,  Fort,  Ind.  T. 

Edgartown,  Mass.*  San  Carlos  Agency,  Ariz. 

Henrietta,  Tex,  Spokane,  Fort,  Wash. 

Klamath,  Fort,  Oreg.  Supply.  Fort,  Ind.  T. 

Lakeview,  Oreg.  Verde,  Fort,  Ariz. 

Laramie,  Fort,  Wyo.  Wash  Woods,  N.  C. 

Lava,  K  Mex.  Watrous,  N.  Mex. 

Linkville,  Oreg.  Webster,  Dak. 

Marfa,  Tex.  Willcox,  Ariz. 

Maricopa,  Ariz.  Yates,  Fort,  Dak. 
McDowell,  Fort,  Ariz. 

REPAIB  STATIONS, 

On.  tlhe  United  States  military  tcleyraph  lines^  at  which  no  ohservaiiona  are  taken. 

Ash  Fork,  Ariz.  Glendivc,  Mont. 

Cantonment,  Ind.  T.  Lakota,  D.tk. 

Carter,  Wyo.  Parker's,  Oreg. 

Caster  Station,  Mont.  Robinson,  Fort,  Nebr. 

Edinborg,  Tex.  Santa  Maria,  Tex. 
Galpin,  Mont. 

SPECIAL  PBINTINQ  STATIONS. 

Logansport,  Ind.^ 

SPECIAL  DISPLAY  STATIONS. 

Stations  receiving  orders  direct  from  Washington  City, 

Monroe,  Fort,  Va. 

SlaUons  receiving  orders  from  Washington  City  {designating  section  affected)  through  the  06- 

server  in  cftargc  of  t/ie  section  center. 

Mackinaw  Section  (Chicago,  Illiuois,  center). 

Charlevoix,  Mich.  Frankfort,  Mich. 

Cheboygan^  Mich.  Petoskey.  Mich. 

Grand  Haven  Section  (Chicago,  Illinois,  center). 

Lndington,  Mich.  Pcntwater,  Mich. 

Manistee,  Mich.  Saint  Joseph,  Mich. 

Montagne,  Mich.  South  Haven,  Mich. 

Moskegon,  Mich. 

Milwaukee  Section  (Milwaukee,  Wisconsin,  center). 

• 

Kenosha,  Wis.  Racine,  Wis. 

Manitowoc,  Wis.  Sheboygan,  Wis. 

Green  Bay  Section  (Milwaukee,  Wisconsin,  center). 

Abnapee,  Wis.  Menominee,  Mich. 

Green  Bay,  Wis.  Sturgeon  Bay,  Wis. 

Kewaunoe,  Wis. 

Saginaw  Bay  Section  (Detroit,  Michigan,  center). 

Bay  City,  Mich.  Sand  Beach,  Mich. 

East  Tawas,  Mich. 


*  Displays  cautionary  signals.  If  Displays  cokl-wave  signals. 

20  sia 
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SPECIAL  DISPLAY  STATIONS — continued. 

Erie  Section  (Erie,  Pennsylvania,  center). 

Ashtabula,  Ohio.  Dunkirk,  N.  Y. 

Oswego  Section  (Oswego,  New  York,  center). 

Cape  Vincent,  N.  Y.  North  Fair  Haven,  N.  Y. 

Portland  Section  (Portland,  Maine,  center). 

Bath,  Me.  Rockland,  Me. 

Boothbay,  Me.  Southwest  Harbor,  Me. 

Boston  Section  (Boston,  Massachusetts,  center). 

Gloucester,  Mass.  Newbnryport,  Mass. 

Marblebead,  Mass.  Portsmouth,  N.  H. 

Wood's  HoU  Section  (Boston,  Massachusetts,  center) 

Bass  River  Li^ht,  Mass.  New  Bedford,  Mass. 

Highland  Light,  Mass.  Provincetown,  Mass. 

Hyannis,  Mass.  Wood's  Holl,  Mass. 

Newport  Section  (New  London,  Connecticut,  center). 

Bristol,  R.  I.  Newport,  R.  I. 

Fall  River,  Mass.  Stoaington,  Conn. 

Narragansett  Section  (Narragansett  Pier,  Rhode  Island,  center). 

Point  Judith,  R.  I. 

New  Jersey  Coast  Section  (Atlantic  City,  New  Jersey,  center). 

Bamegat  City,  N.  J. 
Savannah  Section  (Savannah,  Georgia,  center). 

Brunswick,  Ga.  T^bee  Island,  Ga. 

Port  Royal,  S.  C. 

Jacksonville  Section  (Jacksonville,  Florida,  center). 

Femandina,  Fla.  Saint  Augustine,  Fla. 

Fort  George  Island,  Fla. 

The  following-named  stations  repeat  cautionary  signal  orders  issued  to  the  stations  set 
opi>osite  their  respective  names: 

Cedar  Tree  Neck,  Mass  -.- - _, Cottage  City,  Mass. 

'  Charlotte,  N.  Y Rochester,  N.  Y. 

City  Island,  N.  Y.  — _ New  York  aty. 

Corpus  Christi,  Tex Indianola,  Tex. 

Morgan,  Fort,  Ala _ Mobile,  Ala. 

New  Haven  Light,  Conn New  Haven,  Conn. 

Chicago  Water  Crib Chicago,  111. 

Sand  Key  Light,  Fla  — _.^- Key  West,  Fla. 

Port  Eads,  I^ _: - New  Orleans,  La. 

Sankaty  Head  Light.  Mass Nantucket,  Mass. 

Milwaukee,  Wisconsin,  notifies,  by  telegraph,  the  postmasters  at  Ashland,  Wisconsin, 
and  Houghton,  Michigan,  of  all  cautionary  signal  orders  for  Duluth,  Minnesota,  and 
Marquette,  Michigan. 

Cleveland,  Ohio,  notifies,  by  telegraph,  Mr.  E.  D.  Foskett,  Loiain,  Ohio,  of  all  cau- 
tionary signal  orders  for  Cleveland. 

Indianola,  Tex.,  notifies  Brownsville,  Tex.,  of  all  cautionary  signal  orders  for  Indianola. 

Pensacola,  Fla.,  notifies  Apalachicola,  Fla.,  of  all  cautionary  signal  orders  for  Peosa- 
cola. 

SPECIAL  BIVEB  STATIONS. 

ObsenxUions  of  the  stage  of  water  in  the  river  are  taken  at  2  p,  m.  (75th  meridian  time), 

daily. 

Cairo,  Illinois  (center). 

Evansville,  Ind.  Mount  Caimel,  HI. 

Grand  Tower,  111.  Paducah,  Ky. 

Johusonvillc.  Tenn.  Yinoennes,  Lid. 
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Charleston,  Tenn. 
Clinton,  Tenn. 
Decatnr,  Ala. 
Kingston,  Tenn. 


Plattsmontii,  Nebr. 


Burnside,  Ky. 


Alexandria,  La. 
Bayon  Sani,  La. 
Camden,  Ark. 

Delhi,  I^ 


Brookrille,  Pa. 
Clarion,  Pa. 
Conflnenoe,  Pa. 
Freeport,  Pa. 
Johxiatown,  Pa. 
Lock  No.  4,  Pa. 
Mahoning,  Pa. 
Marietta,  Ohio. 
Moigantown,  W.  Ya. 

Albany,  Oreg. 
Engene  City,  Or^ 

Colnaa,  CaL 
FolBom  City,  CaL 


Beardfltown,  111. 
Boonville,  Mo. 
Hermann,  Mo. 
Jerome,  Mo. 
Kansas  City,  Mo. 

Conahatta  Chnto,  La. 


Arkansas  City,  Ark. 
Newport,  Ark. 

Harper's  Ferry,  W.  Va. 
Helena,  Axk. 


SPECIAL  BIVJBB  STATIONS— GOntlnued. 

Charleston,  South  Carolina  (center). 

Mount  Holly,  N.  C. 

Chattanooga,  Tennessee  (center). 

Leadvale,  Tenn. 
Loudon,  Tenn. 
Strawberry  Plains,  Tenn. 

La  Crosse,  Wisconsin  (center). 

Wabasha.  Minn. 

Leavenworth,  Kansas  (center). 

Saint  Joseph,  Mo. 

Little  Bock,  Arkansas  (center). 

Dardanelle,  Ark. 

Nashville,  Tennessee  (center). 

Carthage,  Tenn. 

New  Odeans,  Louisiana  (center). 

Girard,  La. 
Monroe,  La. 
West  Melville,  La. 

Pittsbuig,  Pennsylvania  (center). 

New  Geneva,  Pa. 
OU  City.  Pa. 
Parker's  Tending,  Pa. 
Rowlesburg,  W.  Va. 
Saltsburg,  Pa. 
Warren,  Pa. 
Weston,  W.  Va. 
Wheeling,  W.  Va. 

Portland,  Oregon  (center). 
Umatilla,  Oreg. 

Sacnunento,  California  (center). 

Maiysville,  Cal. 
Oroville,  CaL 

Saint  Louis,  Missouri  (center). 

Lexington,  Mo. 
Louisiana,  Mo. 
Peoria,  111. 
Warsaw,  HI. 

Shreveport,  Louisiana  (center). 

Fulton,  Ark. 
Vicksburg,  Bfissiasippi  (center). 

Yazoo  City,  Miss. 

Washington  City  (center). 

Le  Claire,  Iowa. 
Muscatine,  Iowa. 
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SPECIAL  COTTON-BEGIOX  STATIONS  AND  CENTBBS. 

One  obaervaiion  made  daily  at  6  p,  m,  (75tA  merxdioA  (me). 
Wilmington,  North  Carolina  (center).   . 


Cheraw,  S.  C. 
Florence,  S.  C. 
Goldsborough,  N.  C. 
Lnmberton,  N.  C. 
New  Berne,  N.  C» 


Bianchville,  S.  C. 
Hardeeville,  S.  C. 
Jacksonborongh,  8»X). 
Kingstree,  S.  C. 


Allendale,  S.  C. 
Athens,  Ga. 
Batesbnrg,  S.  C. 
Blackville,  S.  C. 
Camak,  Ga. 
Chester,  S.  C. 


Albany,  Ga. 
AUapaha,  Ga. 
Bainbridge,  Ga. 
Eastman,  Ga. 
Femandina,  Fla.*a 
Fort  Gaines,  Oa. 
Jessnp,  Ga. 


AndersoD,  8.  C. 
Carteraville,  6a. 
Colnmbus,  Ga. 
Gainesville,  Ga. 
Greenville,  S.  C. 
Griffin,  Ga. 


Birmingham,  Ala. 
Eafaala,  Ala. 
Fort  DexKMit,  Ala. 
Greenville,  Ala. 
Marion,  Ala.    . 


Aberdeen,  Miss. 
Colnmbos,  Miss. 
Evergreen,  Ala. 
Livingston,  Ala. 


Alexandria,  La. 
Amite  City,  La. 
Brookhaven,  Miss. 
Cheneyville,  La. 
Consbatta  Qinte,  La. 
Hazlehnrst,  Miss. 


Raleigh,  N.  C. 
Salisbury,  N.  C. 
Wadesborongh,  N.  C. 
Weldon,  N.  C. 

Charleston^  Sonth  Carolina  (center). 

Saint  Geoige's,  S.  C 
Saint  Matthew's,  8.  0. 
Yemdsse^,  S.  C. 

Augosta,  Georgia  (center). 

Columbia,  S.  C. 
Greenwood,  8.  C. 
Union  Point,  Ga. 
Washington,  Ga. 
Waynesboiongh,  Qa. 

Savannah,  Georgia  (center). 

Live  Oak,  Fla. 
Millen,  Ga, 
Quitman,  Ga. 
Smithville,  Gra. 
Thomasville,  Ga. 
Waldo,  Fla.a 
Way  Cross,  Ga. 

Atlanta,  Creorgia  (center). 

Macon,  Ga. 
Newnan,  Ga. 
SfMhrtanburg,  8.  C. 
Tocooa,  Ga. 
West  Pointy  Qa. 

Montgomery,  Alabama  (center). 

Calera,  Ala. 
Opelika,  Ala. 
Pine  Apple,  Ala. 
Selma,  Ala. 

Mobile,  Alabama  (center). 

Macon,  Miss. 
Meridian,  Miss. 
Okolona,  Miss. 
Waynesborough,  Miaa. 

New  Orleans,  Louisiana  (center) 

Lafayette,  La. 
Minden,  La. 
Natchez,  Miss. 
Natchitoches,  La. 
Opelousas,  La. 
Port  Gibson,  Miss. 


"Displays  cautionary  signals. 

a  These  reports  are  consolidated  at  Cedar  Keys  and  tel^raphed  to  Savannah, 
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8FICIAL  COTTON-BBaiON  STATIONS  AND  CENTEBS — OOntiniiedL 


Anstiii,  Tez. 
Belton,  Tex. 
Brenhiun,  Tez. 
Oolnmbia,  Tez. 
Conicana,  Tex. 
Caeio,  Tez. 
Dallaa,  Tex. 
Heame,  Tex. 
Houston,  Tex. 


Edwards,  Miss. 
Jackson,  Miss. 


Arkansas  City,  Ark. 
Brinkley,  Ark. 
Devairs  Bhiif,  Ark. 
Forrest  City,  Ark. 
Helena,  Ark. 
Kensett,  Ark. 
Magnolia,  Ark. 
Malvern,  Ark. 

Arlington,  Tenn. 
Batesville,  Miss. 
Bolivar,  Tenn. 
Brownsville,  Tenn. 
Corinth,  Miss. 
Covington,  Tenn. 
Decatur,  Ala. 
Dyersbarg,  Tenn. 
Grand  Junction,  Tenn. 


Chdveston,  Texas  Coenter). 

Huntsville,  Tex. 
Longview,  Tex. 
Lnling,  Tex. 
Orange,  Tex. 
Sour  JLake,  Tex. 
Tyler,  Tex, 
Waco,  Tex. 
Weatherford,  Tex. 
Weimar,  Tex. 

Yicksburg,  Mississippi,  (center). 

Lake,  Miss. 
Monroe,  La. 

Little  Rock,  Arkansas  (center). 

Monticello,  Ark. 
Newport,  Ark. 
Paris,  Tex. 
Pine  Bluff,  Ark. 
Prescott,  Ark. 
Rnssellville,  Ark. 
Texaikana,  Ark. 

Memphis,  Tennessee  (center). 

Grenada,  Miss. 
Hernando,  Miss. 
Holly  Springs,  Miss. 
Milan,  Tenn. 
Oxford,  Mis8. 
Paris,  Tenn. 
Scottsborough,  Ala. 
Tuscumbia,  Ala. 


CITIKS  AT  WHICH  THE  COLD-WAVE  SIGNAL  IS  DISPLAYED. 

(Not  Signal  Service  stations.) 
Ffaga  fumisJied  hy  the  Siffnal  Service, 


AubuTn,  Ala. 
Kansas  City^  Mo. 
Madison,  Wis. 


Northfield,  Minn. 
Richmond,  Va. 
Wellington,  Kans. 


APPENDIX   28. 


Monthljf  and  yearly  metearologieal  summaries  at  staUona  of  ikeSigfuU  Service^  UnUed  Staiet 

Army, 

ABILBNE,  TBX. 
[Lfttitnde,  32o  14'  N. ;  longitade,  W*  45'  W.    Local  time,  1,30  slow,  EMtera.] 
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ALBANY,  N.  Y. 
[Latitude,  42o  39'  N. ;  longitude  73o  45'  W.    Local  time,  0.05  fast,  Eaatem.] 
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ALPENA,  MICH. 
[Latitude,  460  6^  N. ;  longitude,  880  30'  W.    Local  time,  0.84  bIow,  Eaatem.] 
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37.7 
43.9 
48.0 
44.2 
87.2 
29.3 
25.8 
23.2 
29.0 


a 

Pi 
n 


10.6 
17.2 
27.2 
81.0 
40.5 
63.0 
60.8 
46.2 
40.2 
89.2 
36.1 
28.8 
35.1 


i 


a 
m 


6.7 
12.7 
29.4 
81.1 
41.1 
52.7 
52.8 
46.6 
39l3 
84.6 
81.6 
26.5 
88.7 


6.1 
12.7 
26.5 
29.8 
39.8 
50.2 
50.5 
45.7; 
88.9 
84.4 
31.2 
26.0 
32.7 


77 
68 
68 
66 
67 
74 
76 
75 
73 
78 
81 
77 
78 


SI 

a. 

CO 


71 
62 
42 
44 
40 
55 
44 
30 
96 
45 
65 
58 
49 


71 


a 

I 


72  78 

68  68 

63  5S 

56  56 


671 


62«  60* 
54  56 

53  54 


64 

73 
75 
64 


62 
70 
70: 

6SJ 


BIDWELL,  FOET.  CAL, 
[Lfttttade,  41o  68'  K. ;  longitade,  120o  11'  W.    Local  time,  3.01  slow,  SMten.] 


J, 

68 
67 
75 
76 

1 
22 
24 
80 

46.9 
66.0 
6&4 
64.4 

21.7 
29.2 
80.7 
42.0 

F.. 

M 

A 

M  . 

61.0 
49.8 

72.8 
86.2 

6L5 
71.4 

61.0 
68.1 

97 
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88 
88 

7&5 
91.6 

42.0 
4&3 

J... 

A  .. 

S. . 

25.418 

25.461 

25.321 
2&471 

2&61 

25.71 

25.78 
25.77 

'iifis 

25.25 

24.94 
25.16 

89.5 

36.6 

34.7 
81.2 

72.7 

6&5 

42.6 
89.6 

'57.8 

'm.'? 

91 

90 

64 
54 

28 

23 

20 
13 

79.0 

73.8 

4^4 
43.6 

37.7 

33.5 

31.8 
28.6 

0  .. 

62.4!  B2.fi 

N.. 
D.. 
Y 

88.4 
35.6 

3&6 
35l4 

30.4 
27.8 

35.8 
33.9 

83.7 
30.0 

33.3 
30.9 

85 
87 

79 
80 

84 
83 

62 
64 

BISMARCK,  DAK. 
[Latitade,  46o  47'  K. ;  longitnde,  lOOo  88'  W.    Local  timo,  1.42  alow,  Eastern.] 


J.. 
F.. 
M. 
A.. 
M  . 
J.. 
J.. 
A.. 
S.. 
O.. 
N.. 
D.. 
Y.. 


2ii.2]6 
2a  178 

2a  244 
28.124 
2a  112 
28.156 
2.^.116 
2a  199 
2a  128 
2a  180 
2a  133 
2a  152 

2a  161 


2a  78 

27.61 

-ai 

i\ 

-0.7 

0.2 

39 

-36 

9.4 

-10.9 

2a  62 

27.60 

-1.5 

4.2 

3.6  48 

-28 

14.0-  6.6| 

2a  06 

27.79 

22.2 

80.0 

26.0 

25.7   49 

-9 

35.2 

lao 

2a  00 

27.50 

35.8 

50.8 

42.2 

42.8  72 

10 

54.1 

33.3 

2a  46 

27.75 

45.3 

63.1 

53.6 

64.0 

83 

22 

66.7 

43.1 

2a  57 

27. 39 

54.5 

70.4 

61.3 

62.1 

87 

34 

74.0 

50.8 

23.41 

27.67 

60.9 

77.1 

67.9 

6a6  97 

44 

80.6 

58.0 

2a  53 

27.86 

63.8 

72.3 

60.8 

62.3 

92 

39 

74.7 

52.3 

28.51 

27.68 

45.9 

09.1 

5a3 

67.1 

05 

32 

71.4 

44.4 

2a  47 

27.68 

aao 

53.9 

41.6 

43.0   80 

16 

56.7 

31.3 

2a  46 

27. 75 

27.0 

35.3 

30.0 

80.8   51 

10 

39.1 

24.4 

28.58 

27.68 

ia7 

2a2 

22.6 

23.2 

63 

-11 

34.7 

13.5 

2a  78 

27.39 

82.7 

46.9 

8a7 

39.4 

97 

-36 

6a9 

29.3 

-  5.1 

-4.7 

ia9 

32.1 

41.5 

40.9 

64.6 

49.2 

39.6 

26. 3i 

23.6 

11.4! 

2ai' 

1 
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4  0 
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35.6 
47.0 
51.8 
56. 2 
50.4 
43.7 
28.1 
2a  1 
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32.2 
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2.2 
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85.0, 
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43.1 
2a  2 
25.5 
1^6 
3L1 
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92 

83 

86 

1 
87 

0.5 

87 

85!  92 

88 

21.2 

87 

77!  88 

83 

84.2 

88,60 

77,  75 

45.1 

87  60 

76   74 

52.1 

85  54 

7»   72 

55.9 

80|  60 

60  66 

50.8 

85  49 

72  69 

42.1 

79 

44 

64'  C2 

27.5 

75 

41 

61 

59 

25.7 

86 

76 

83 

82 

14.0 

74 

64 

71 

70 

30.5 

84 

68 

76 

1 

BLOCK  ISLAND,  R.  I. 
[Latitnde,  41o  10'  N.;  longitnde,  71o  86'  W.    Local  time,  0.14  fast,  Eastern.] 
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80.78 

29.82 
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81.5 
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25.7 

27.3 
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26 
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80 

82 

82 
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2a7 

24.2 
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7 

81.9 
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19 

78 

80 

82 

88 

M. 

29.980 

30.50 

29.47 

27.1 

3a4 
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29.8 

53 

9 

37.1 

23.0 

21.2 

27.4 

23.4 

24 

78 

78 

80 

78 
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29.978 

80.62 

29.21 

4L8 

4a7 

43.2 
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70 

27 
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3a5 

35.9 
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71 

80 
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80.28 

29.47 
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87 

80 

89 

85 
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29.954 

80.28 

29.41 
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69.7 

62.7 

77 

48 
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5a7 
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57 

84 

75 

85 

82 
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29.939 

30.20 

29.66 

6a5 

75.4 

6ao 
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KH 

55 
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64.3 

64.5 

66.4 

64.7 

65 

87 

74 

81^ 

84 
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29.949 

30.24 

29.67 

67.1 

72.0 
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6a7 

82 

53 
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62.3 

63.8 
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63 

85 

76 

88^83! 
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80.024 

80.38 
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64.7 

69.8 

61.4 

78 

43 

67.3 

55.8 

54.7 

56.1 

64.9 

65 

83 

74 

84 

80 
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30.003 
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63.2 

67.2 

63.1 

64.5 

69 

35 

69.6 
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4a  4 

50.9 

4a9 

50 

67 

80 

86 

84 
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29.88(1 

80.31 

29.48 

4a  0 

4a  4 

47.0 

47.1 

64 

31 

51.9 

42.9 

41.0 

4a  1 

42.8 

43 

86 

82 

86 

85 

D.. 

29.929 

80.69 

29.11 

35.5 

3ai 

3a6 

3a7 

67 

17 

43.4 

3a  8 

30.3 

32.2 

8L8 

31 

8] 

79 

81 

80 

Y.. 

29.962 

8a  78 

2a  03 

4a9 

6L6 

47.2 

4a5 

88 

6 

65.2 

42.6 

42.0 

44.5 

42.7 

43 

83 

77 

84 
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REPOKT  or  THE   CHIEF   SIGNAL.  OPFICEE. 
Montklji  and  yearlj/  meleorological  (unnuiriM — Coutinaed. 
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BI8UABCE,  DAS. 


REPORT  OF  THE   CUIUV  SIGNAL  OFFICEE. 


Montklf  and  yrarlg  nulwFoIofloal  maiutariei — CoDtinaed. 
BOISfl  CITY.  IDAHO. 
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fSJ' 
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REPOKT  OF  THE  CHIEF  SIGNAL  OFFICEB. 


Monlklg  and  yearly  meUorological  tammariet — ContinuL-d. 
BOlSflCITY,  IDAUO. 
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REPORT   OF   THE   CHIEF   SIGNAL   OFFICER. 


Monthly  and  ymrly  n^eteorologioal  tummariei — Continued. 

BUFFALO,  N.  Y. 
lLAtitade,420  6yH.|longltade,79>68'W.    Load  time,  0.16  ilow,  Basten.] 


-• 

PrBuaie. 

Tempentara 

Dewpo^At. 

Balattre 
hnmidtty. 

1 

1 

i 

j 

• 

a 

i 

p 

Mmh. 

« 

• 

Pi 

i 

• 

1 

a 

o 

a 

• 

Pi 

• 

1 

1 

o 

1 

3 

3 

1 

1 

o 

i 

• 

a 

CO 

a 

• 
Pi 

O 

1 

9 

a 
d 

• 

a 
p. 

CO 

• 

3 

In, 

In. 

In, 

o 

O 

o 

o 

o 

o 

o 

o 

J.. 

29.286 

29.99 

2a  46 

19.1 

21.8 

ao.2 

20.4 

60 

-6 

27.9 

14.0 

16.5 

l&O 

1&7 

17.1 

90 

86 

8N87 

F.. 

29.210 

29.76 

28.86 

10.1 

17.1 

14.1 

18.8 

43 

-18 

28.6 

6.6 

&0 

12.8 

16.8 

lao 

86 

81 

88 

84 

M. 

29.206 

29.66 

28.64 

in.  6 

22.7 

19.9 

10. 7|  45 

-4 

2&1 

12.7 

12.0 

17.8 

1\6 

16.1 

82 

81 

82 

8£ 

A.. 

29.286 

29.74 

2&76 

87.6 

48.6 

8a6 

89.9  82 

20 

48.7 

32.7 

81.9 

84.5 

8L6 

82.6 

80 

73 

77 

77 

M. 

29.200 

29.48;  28.77 

60.7 

66.7 

62.0 

63.1;  81 

80 

6L7 

46.0 

46.6 

4&5 

47.1 

47.1 

84 

84 

81 

J.. 

29.266 

29.66  28.86 

6aH 

64.0 

60.8 

00.9  80 

44 

68.0 

68.7 

63.4 

66u2 

6&2 

64.9 

84 

7^64 

«^ 

J.. 

29  231 

29.461  2&96 

66l4 

78.8 

68.4 

69.6  87 

48 

77.5 

62.6 

6L6 

66.7 

64.2 

63.8 

85 

77 

87 

& 

A.. 

29.238 

29. 63'  2&  74 

61.6 

60.8 

68.2 

64.7 

83 

49 

71.7 

68L2 

68w7 

61.1 

60l1 

69.6  90 

87 

84 

8.. 

29.807 

29.60  28.81 

66.1 

66.4 

68.6 

60.0 

68 

41 

68.0 

62.8 

61.1 

63.9 

53.0 

62.7 

84 

68 

83 

78 

O.. 

20.242 

29.60  28.71 

46.3 

68w8 

47.6 

49.2 

80 

29 

66u8 

43.8 

41.9 

44.9 

43.4 

43.4 

85 

78 

80 

81 

N.. 

29.176 

29.60  28.82 

89.0 

42.4 

40.0 

40.6 

68 

28 

46.0 

86.2 

86.1 

86.5 

3Sc4 

8&7 

86 

80 

84 

81, 

D.. 

29.221 

29.94  28.88 

28.7 

81.7 

29.7 

80.0 

62 

5 

87.8 

24.4 

25.5 

27.1 

25.8 

2&1 

88 

83 

85 

85 

Y.. 

29.243 

29.99  28.35 

1 

40.9 

46.8 

42.7  43.6 

87 

-13 

61.8 

86.8 

1 

86.7 

89.7 

88.1 

8&2  85 

78 

8«  82 

1 

BTJFOBD,  FOBT,  DAK. 
[lAtiiode,  480  N. ;  longltade,  103o  66^  W,    Local  time,  1.56  slow,  BMtom.] 


J.. 

27.979 

2a  54 

27.87 

-a2 

4.5 

0.7 

0.0 

45 

-46 

11.8 

-lai 

-10.8 

-2.8 

-a8 

-a8 

75 

71 

75 

74 

F.. 

27.947 

2a  42 

27.40 

0.1 

10.2 

a  4 

4.6 

46 

-82 

ia2 

-ao 

.a2 

2.0 

-15 

-1.9 

78 

71 

76 

75 

M. 

2a  023 

2a  41 

27.63 

24.1 

8a3 

2a6 

2a7 

68 

a 

89.1 

lao 

19.8 

2a7 

2a2 

22.2 

88 

^O 

80 

77 

A.. 

27.909 

2a  28 

27.88 

sas 

6ai 

42.1 

43.5 

75 

19 

67.7 

82.8 

29.6 

82.0 

310 

8L6 

81 

49 

72 

67 

M- 

27.884 

2a  27 

27.57 

44.0 

65l1 

63.4 

64.2 

84 

20 

70.2 

4L6 

87.9 

87.6 

87.9 

87.8 

80 

89 

68 

59 

J.. 

27.924 

2a  34 

27.16 

5a9 

71.2 

60.4 

61.8 

91 

86 

76.5 

60.5 

50.5 

52.8 

61.8 

61.7 

89 

54 

75 

72 

J.. 

27.887 

2a  18 

27.43 

6a7 

77.8 

oao 

67.8 

96 

46 

82.8 

67.4 

54.1 

RV.7 

6ao 

66.8 

86 

49 

70 

68 

A.. 

27.984 

2a  27 

27.64 

63.2 

72.2 

60.3 

61.9 

90 

40 

7tf.l 

51.3 

4a  1 

61.7 

5a9 

60.6 

87 

60 

78 

70 

8.. 

27.897 

2a  27 

27.43 

43.7 

6a2 

54.5 

5.\6 

90 

80 

72.0 

41.5 

87.8 

41.3 

40.8 

40.0 

81 

41 

62 

61 

O.. 

27.959 

28.26 

27.48 

82.4 

54.8 

41.8 

4ao 

78 

15 

57.8 

29.4 

27.1 

81.6 

80.8 

S9.7 

81 

44 

66 

64 

N.. 

27.877 

2a  22 

27.50 

29.3 

89.7 

32.9 

84.0 

58 

12 

4a  4 

26  4 

27.7 

82.5 

29.6 

2a9 

93 

77 

88 

86 

D.. 

27.915 

2a  84 

27.42 

19.9 

29.7 

2L9 

23.8 

59 

-10 

8a6 

14.4 

17.8 

2a  7 

ia9 

19.8 

92 

77 

88 

86 

Y.. 

27.982 

2a  54 

27.16 

82.4 

4a8 

8a9 

8a9  96 

-46 

52.9 

2a8 

2ao 

81.7 

3a4 

80.0 

84 

67 

74 

7a 

CAIRO,  ILL. 
[Latltade,  87o  O'  N. ;  longltade,  89o  10'  W.    Local  time,  0.50  slow,  Saetern.] 
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80.88 
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25.9 

8a8 

80.8 

29.8 
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87.9 
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27.0 

8a4 

812 

81.9 

67 

1 

40.5 

216 

lao 

28.9 
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417 

71 

51 

68 

ffl 

M  . 

29.578 

29.80 

29.18 

60.7 

71.9 

64.1 

6a6 

89 

40 

74.1 

518 

518 

612 

64.6 

616 

79 

82 

72 

(g 

J.. 

29.683 

29.86 

29.43 

6a6 

81.0 

7ao 

74.5 

92 

58 

814 

616 

616 

614 

619 

613 

82 

62 

79 

74 

J.. 

29.686 

29.80 

29.50 

7a  0 

8a5 

7a  5 

80.0 

96 

62 

87.6 

72.9 

70.0 

711 

710 

717 

86 

59 

81 

76 

A.. 

29.616 

29.81 

29.32 

70.8 

83.6 

7a  2 

7a5 

95 

54 

84.6 

69.4 

615 

67.3 

67.6 

618 

84 

50 

78 

73 

S  .. 

29.656 

29.88 

2a  35 

64.0 

7a  4 

6a6 

69.3 

85 

61 

7a6 

618 

69.5 

61.4 

614 

61.1 

86 

64 

81 

77 

c 

29.680 

29.07 

29.27 

49.8 

6a4 

64.5 

65.9 

78 

39 

64.6 

416 

46.8 

416 

410 

416 

86 

64 

70  73 

K.. 

29.649 

29.98 

29.21 

4a4 

54.8 

47.8 

4a7 

76 

28 

5a6 

40.1 

815 

818 

3ao 

87.1 

78 

54 

71^67 

D.. 

29.766 

8a  24 

29.02 

34.1 

44.2 

8a7 

89.0 

68 

14 

4a6 

80.4 

217 

27.9 

27.8 

27.6 

76 

66 

mm 

Y.. 

29.676 

80.83 

29.02 

50.9 

62.1 

55.4 

6ai 

96 

-4 

64.8 

4a4 

44.6 

412 

416 

418 

79 

68 

mio 

OANBY,  FOBT,  WASH. 
[Latitude.  46o  16*  K. ;  longltade,  124o  4'  W.    Local  time,  8.16  slow,  Baatern.] 


J.. 

29.879 

30.18 

29.83 

89.9 

419 

412 

4L7 

58 

81 

416 

811 

818 

816 

89.0 

815 

89 

89 

80  80 

F.. 

29.891 

80.82 

29.51 

44.7 

418 

415 

417 

58 

85 

411 

41.8 

416 

44.0 

412 

418 

98 

91 

9ssa 

M  . 

20.989 

30.42 

2166 

47.6 

51.2 

417 

416 

68 

88 

54.8 

44.7 

418 

417 

44.6 

44w7 

88 

88 

84  W 
SO  85 

A.. 

29.877 

8116 

29.55 

414 

5L8 

414 

419 

70 

87 

54.0 

44.5 

411 

410 

44.2 

44.1 

89 

80 

M  . 

29.799 

30.03 

29.53 

.50.4 

54.8 

516 

510 

76 

44 

57.8 

48.5 

47.5 

618 

414 

417 

90 

Ki 

J  .. 

29.a<).3 

30.07 

20.54 

53.5 

513 

65.7 

518 

66 

46 

60.1 

51.7 

51.8 

618 

51.6 

51. 9 

93 

82 

8»  87 

J  .. 

20.  P40 

30.06 

29.60 

57.8 

63.1 

00.4 

60.4 

75 

51 

617 

M.9 

54.0 

515 

64.3 

64.9 

88 

7?* 

n\'  RSi 

A.. 

29.819 

29.00 

'J9.59 

65,0 

60.2 

.'>7.4 

57.8 

70 

50 

616 

518 

515 

612 

54.3 

54.7 

9? 

87 

H9,  90 

8  .. 

29.749 

2109 

29.49 

56.8 

60.0 

512 

.')8.5 

70 

49 

616 

54.0 

54.4 

67.3 

515 

517 

0-J 

Rt 

or,  91 

O.. 

29.770 

3U.03 

29.56 

516 

58.0 

54.7 

511 

70 

46 

60.6 

51.0 

419 

53.5 

61.4 

51.6 

01 

fn 

►'»'  8h 

s.. 

29.536 

30.04 

2187 

47.9 

515 

50.0 

415 

58 

42 

54.0 

416 

419 

415 

415 

4ao 

96 

0! 

0.1  l'i{ 

!>.. 

29.804 

30.22 

29.27 

416 

47.5 

47.0 

417 

56 

83 

60.2 

44.1 

44.4 

410 

416 

418 

96 

95 

9.-»,  95 

Y.. 

29.817 

80.42 

2187 

419 

518 

5L8 

5L8 

75 

81 

514 

47.9 

47.4 

416 

414 

415 

91 

87 

fti  89 
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REPORT   OF   THE   CHIEF   SIGNAL   OFFICER. 


Monthly  and  yearly  meteorologiail  Bwmmaries — Coatinned. 

CAPE  HEKBY,  VA 
[Latitade,  36o  SO'  N. ;  longitade.  79P  (F  W.    Looal  time.  0.04  alow,  Sastei  n.  ] 


i 
1 

« 

*» 

a 

o 


J.. 

F.. 
M. 
A.. 
M. 

J.. 
J.. 
A.. 
8.. 
O.. 
N.. 
D.. 
Y.. 


PreasTLrew 


)^ 


In. 

80.147 
29.082 
30.061 
30.050 
20.033 
80.034 
20.078 
20.075 
80.064 
20.001 
29.975 
30.053 
30.020 


In. 

30.70 
30.50 
80.51 
80.58 
80.20 
80.80 
30.20 
30.24 
30.84 
80.34 
8a88 
80.74 
30.78 


Temperatare. 


a 

4 


In. 

20.51 

20.21 

20.00 

20.56 

20.51 

20.60 

20.72 

20.06 

20.58 

20.25 

20.56 

20.33 

20.21 


CO 


o 

40.1 
33.0 
36.1 
50.4 
50.5 
60.4 
74.4 
73.6 
66.7 
58.6 
47.0 
41.0 
54.8 


a 


o 

44.2 
87.6 
43.8 
58.0 
66.6 
78.0 
85.0 
82.6 
76.2 
65.2 
55.5 
46.4 
61.7 


41.7 
85.0 
86.2 
52.8 
6a7 
60.2 
75.7 
75.0 
68.2 
90.5 
50.4 
42.7 
65.8 


§ 


I 

J 


42.0 
85.5 
80.4 
54.0 
62.3 
72.2 
78.4 
77.1 
70.4 
61.1 
51.3 
43.4 
57.3 


o 

74 
66 
68 
76 
84 
04 
06 
05 
80 
82 
78 
67 
96 


o 

18 
14 
21 
36 
47 
57 
00 
50 
53 
45 
34 
22 
14 


Mean. 


J 


O 

51.8 
43.5 
40.0 
02.6 
70.1 
80.5 
87.6 
84.8 
77.8 
06.3 
58.2 
5L4 
65.5 


a 

p 

a 

a 


33.0 
20.1 
82.6 
46.8 
56.5 
65.0 
71.1 
71.4 
63.8 
55.5 
44.5 
34.4 
5a4 


Dew  point. 


a 

4 


o 

33.2 
26.5 
28.0 
43.1 
55.3 
62.8 
60.0 
6&2 
60.7 
62.4 
41.4 
34.4 

4ao 


CO 


33.0 
27.6 
38.1 
45.6 
57.5 
63.7 
71.2 
66.8 
62.6 
64.0 
42.0 
37.0 


a 

Pi 


33.1 
27.8 
31.0 
43.7 
56.1 
63.3 
69.5 
68.2 
61.8 
52.3 
42.9 
34.4 
4&7 


p 
a 
o 


33.1 
27.3 
30.7 
44.1 
56.3 
63.3 
60.9 
68.4 
61.7 
52.9 
42.4 
35.3 
4&8 


Relative, 
humidity. 


E 

d 


d 

C9 


77 

75 

76 

76 

86 

80 

81 

83 

82 

81 

76| 

77 

89 


e 
P. 


67 
68 
65 
63 
74 
6S{ 
65 
65 
64 


64 

72 
67 


I 

731  72" 
76i73 
7Ji 
71 
Sf 
7? 


If 
73 
86 
82 
83  77 


76 

75. 


80 
80 

78,76| 
78  71 
74 

78 


^ 


J.. 

F.. 

M.. 

A.. 

M. 

J  .. 

J. 

A.. 

S  .. 

o. 

N. 
D- 
Y. 


CAPB  MAY,  N.  J. 
[Latitade,  88o  56^  N. ;  longitude,  74o  58'  W.    Local  time,  0.02  slow,  Eaateni.] 


J.. 

30.097 

80.79 

29.87 

34.9 

30.0 

35.4 

36.4 

67 

1 
13  44.0 

2a4 

28.7 

32.6 

29.8 

ao.4 

78 

7a  80)78 

F.. 

29.950 

80.45 

29.21 

27.6 

31.1 

30.2 

20.6 

53 

4;  38.5 

22.3 

21.1 

248 

24.5 

23.5 

77 

78  79  7>J, 

M  . 

80.025 

30.45 

29.60 

30.7 

88.5 

33.8 

34.3 

52 

IV  3a  7 

2a  0 

24.2 

32.4 

2a9 

2a5 

77 

79  83:  K> 

A.. 

30.007 

30.54 

29.44 

45.5 

53.7 

47.5 

48.0  82 

31   55.8 

41.8 

80.6 

45.3 

42L6 

42.5 

80 

74  84  79 

M  . 

29.916 

30.17 

29.51 

55.5 

60.8 

56.0 

57.4 

77 

43  63.7 

52.0 

51.2 

64.0 

62.4 

82.5 

Kf 

78'  86iM 

J.. 

29.983 

30.24 

29.46 

64.0 

71.8 

65.0 

67.6 

85 

50,  74.7 

61.6 

50.4 

62.6 

60.4 

60.8 

83 

74;  83!  SO 

J.. 

29.934 

30.13 

29.67 

72.0 

78.0 

72.2 

74.1 

88 

61 

80.5 

6a8 

6a4 

70.2 

69.0 

69.2 

86 

77 

00  »3 

A.. 

29.937 

30.21 

^9.61 

7L5 

7a  1 

71.7 

73.8 

88 

54 

70.8 

67.8 

05.8 

67.8 

66.6 

6a7 

82 

72 

84  TV 

S.. 

30.034 

30.32 

29.39 

63.0 

71.4 

65.4 

66.0 

80 

52 

73.6 

60.2 

67.6 

60.9 

57.8 

8&8i 

80 

71 

78,  76 

o.. 

N.. 

80.008 

30.32 

29.12 

6&7 

6L2 

5&8 

68.2 

76 

80 

65.0 

52.1 

48.0 

62.1 

4a6 

49.0 

78 

76  79 

7r- 

D.. 

Y.. 

GAPS  MENDOCINO,  OAL. 
[Latitade,  40o  26^  N. ;  longitude,  124o  24'  W.    Looal  time,  8.18  slow.  Eastern.] 


J.. 

29.415 

29.71 

20.10 

47.0 

51.0 

50.3 

40.7 

60 

38 

54.1 

45.5 

42.3 

44.9 

4a8 

4a7 

84 

79 

» 

1 

a! 

F.. 

29.463 

29.75 

20.01 

4a5 

51.1 

40.0 

40.2 

66 

40 

6a  6 

4a  4 

42.0 

4a4 

44.9 

44.4 

86 

8^ 

83 

S4J 

M. 

29.426 

29.75 

20.18 

46.8 

52.4 

50.4 

40.0 

70 

41 

65.0 

4a  0 

42.5 

47.2 

45.5 

45.1 

87 

83 

84 

& 

A.. 

29.323 

29.48 

2a  00 

47.6 

64.2 

50.6 

60.8 

60 

30 

5a7 

4a  1 

4a8 

4a6 

4a9 

4&0 

m 

82 

84 

u 

M  . 

20.319 

29.51 

20.18 

47.0 

55.1 

51.6 

5L5 

66 

42 

57.7 

4a  6 

4a  0 

4a  5 

47.2 

4a9 

87 

82 

M.^ 

J.. 

29.370 

29.52 

20.10 

50.4 

56.0 

53.0 

53.7 

70 

44 

50.7 

4ao 

47.3 

52.0 

50.2 

4a  8 

90 

84 

87 

K7 

J.. 

29.315 

20.52 

29.16 

5a7 

50.6 

5a  8 

5a7 

72 

46 

63.2 

50.6 

60.6 

52.4 

5L4 

51.5 

90 

78 

83l 

U 

A.. 

29.275 

20.40 

20.12 

50.2 

5a  1 

54.4 

53. 6 

66 

45 

60.7 

4a  0 

4a8 

51.7 

50.8 

50,4 

05 

86 

88 

» 

S.. 

29.206 

20.42 

20.14 

54.1 

604 

5a8 

57.6 

77 

48 

63.4 

51.8 

4a  7 

5a7 

5a7 

61.7 

83 

79 

8t 

81 

0.. 

29. 317 

20.50 

20.08 

53.0 

60.6 

58.1 

57.5 

80 

47 

64.0 

61.5 

50.1 

52.8 

49.3 

50.7 

87 

77 

76  » 

N.. 

29.205 

20.58 

2a  20 

50.3 

55.0 

52.8 

62.7 

67 

44 

5a2 

48.1 

46.8 

5a  2 

4a6 

4a5 

88 

85 

88:  )# 

D  . 

29.393 

20.65 

2a  01 

4ao 

5a  1 

51.8 

51.0 

63 

30 

55.8 

4a  1 

44.9 

4a  9 

4a2 

47.3 

89 

86 

8K.8!; 

Y.. 

29.343 

20.75 

2a  20 

40.7 

55.5 

6a2 

52.8 

80 

88 

5a5 

47.7 

45.9 

4a  9 

4a2 

4ao 

88 

se 

84  «5i 

CEDAR  KEYS,  FLA. 
[Latitade,  29o  8'  N. ;  longitade,  83o  2'  W.    Local  time,  0.32  slow.  Eastern.] 


8ai45 
8a035 
80.096 
3a042 
29.941 
3a  0*21 
3a  022 
2a  063 
20.034 
20.028 
30.017 
3a  137 
3a  023 


80.45 
3a  20 
30.41 
30.20 
3a  12 
3a  16 
3a  20 

3a  12 

3a  08 
30.14 
30.23 
3a47 
30.47 


20.84 
28.63 
20.80 
20.78 
2a  75 
20.84 
20.80 
29.81 
29.75 
29.29 
39.73 
29.82 
2a  29 


6a  2 
60.8 
54.2 
65.2 

71.7 

7a  0 

80.9 
80.3 
77.8 
6&7 
5ai 

4a  6 

65.3 


60.5 
69.1 
63.1 
7a  1 
7a  8 

8ao 

84.7 
84.8 
8a8 
7a  7 
65.7 
57.6 
72.8 


55.9 
54.7 
58.8 
67.8 
78.4 
7a  2 
80.7 
8a  9 
7a  0 
67.1 
5a  8 
52.1 
C7.4 


5a5 
54.9 
5a7 
6a  4 

7a  0 

81.4 

8a  1 

82.0 

7a  9 

68.8 
60.5 
5a  8 
68.5 


75 
71 
76 
82 
87 
92 
92 
91 
01 
84 
79 
74 
02 


33 
84 
39 
50 
60 
70 
71 
70 
68 
51 
39 
31 
31 


6a2 
61.9 
65.0 
7a  9 
81. 6 
87.5 
87.5 
87.5 

«a7 

7a  4 
67.6 
60.9 
7a  1 


50.9 
4a  2 

5a  1 
6a4 
6a8 
7a  1 
7a  5 
7a  9 

74.7 
62.7 

5a9 

44.9 
62.6 


47.6 
44.4 

4a  8 

69.2 
6a7 
73.9 
7a  1 

7a  0 

74.7 
60.4 
5a  0 

4a  5 

60.3 


50.4 
44.6 
50.0 
59.7 
6a2 
72.9 
74.5 
7a  0 
74.8 
64.3 
57.2 
4a  6 
61.6 


5a  3 
4a  8 
51.9 
50.9 
6a5 
7a2 
747 

7a  9 

74  4 
62.7 
6a5 
4a] 
6L61 


REPORT  OP  TTTE   CHIEF  SIGNAL  OPPICER. 

JfonlUyoMj  yearly  mgteoretogioal  *i>miiri«i — Contioued. 
'  CAPS  HXNBT,  VA. 
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REPORT  OF  THE  CHIEF  BIOKAL  OFFICER. 


MomM^  amd  yearljf  flMiMralo^iooZ  MMimiiria»— Continaed. 

GHABLBflTON,  8.  C. 
llAtitade,  820  47'  H. ;  Ibngltade.  70^  W  W.   Local  time,  0.20  dow,  SMtem.] 


i 
I 


J.. 
F.. 
H  . 
A.. 

J.. 
J.. 
A.. 

8.. 
O.. 
N.. 
D.. 
T.. 


I 


In. 

30.128 
2  A  087 
80.037 
80.021 
20.017 
80.016 
20.084 
20.046 
20.087 
2a  048 
20L002 
80.000 
80.008 


In. 

8a  68 
8a  40 

aa6i 
8a  43 
8ai2 
8a  20 
8a  17 
8a  14 
8a  18 

80.21 
8alS6 
80.66 
8a  58 


In, 

29.7B 
2a  85 
20.60 
2a  62 
2a  62 
2a  80 
2a  76 
2&71 
2a  681 
20.47 
2a  58 
20.54 
2a71 


4 


o 

4a  8 

42.8 

4a8 

S&0 

7a  8 

7&4 
77.2 
7X5 
6a7 

6a4 

45.7 
6a8 


o 

64. 61 

52.1 

67.7 

7a  8 

77.0 

84.6 

87.1 

85.2 

8a  4 
7a  4 

64.7 

6ai 
7ai 


i 

A 


o 
50.8 
47.7 
62.0 
618 
71.8 
77.1 
80.8 
70.4 
7a2 
64.6 
67.8 
4a8 
64.0 


L 


6a7 

47.  S 
52.2 
63.8 
72.7 
7a  5 
81.9 
80.6 
7a  4 

a\2 

5&6 
60.4 
65.0 


T2 
67 
72 
84 
00 
06 
04 
^ 
01 
82 
78 
70 
96 


o 

28 
22 
84 
48 
54 
64 
66 
68 
63 
46] 
84 
28 
22 


Keaa. 


o 

68-8 
55.2 
60.0 
71.8 
7a  0 
86.8 
8a  1 
87.4 
81.8 

6a6 
5&6 
72.8 


o 

44.01 
40.7 
44.6 
6a7 
6a2 
7&8 
7a  7 

7a  0 

71.1 
5&0 
61.2 
41.8 
6a2 


Dew  point. 


i 

4 


4L0 

87.5 

4L9 

52.0 

62.6 

71. 

72.7 

7ai 

60.6 
56.8 
48.3 
88.0 
56.4 


a 

CO 


41.6 
8&8 
42.9 
6L7 
61.8 
71.0 
74.4 
74.0 
7a  7 
6a8 
60.4 
8a  4 

6ao 


4a  7 

41.8 
4.1.4 
54.0 
62.9 
71.6 
74.8 
74.6 
7a  1 
68.1 
5L0 
40.8 
57.4 


a 


42.1 
3a2 
48.2 
02.6 
62.4 
71.2 
74.0 

7ao 

70.1 
67.1 
4a  9 
89.2 

oas 


BeteliTe 
hwBidity. 


i 

4 


a 


B 


a 
c 
e 

mm    •  to* 


A    « 


81  68l  77 

82  62! 

81  60(79 
79j  64;  75 
69?  78 
65  U 
84]  67  84 
87)711  86 
73.  85 
64  80 
68>  «2t78 
701  55  73 
88  63  80 


I « 

19 

n 

77 


74 

& 
75: 


OHABLOTTX,  K.  C. 
[Lfttltade,  85o  18'  N.  i  longitade,  80o  61'  W,    Local  tlme,0.28  «low,  Eastern.] 


J.. 

2a  825 

2a  88 

2181 

816 

410 

414 

40.6 

71 

11 

4a  0 

810 

29.0 

218 

81.8 

SaMTS 

6«71  « 

F.. 

2a  151 

2a  62 

28.51 

819 

44.5 

812 

816 

65 

12 

47.4 

80.7 

210 

80.0 

218 

28.8   77 

6q7a  70 

K. 

2a  280 

29.66 

28.84 

812 

518 

44.5 

418 

69 

24 

518 

816 

81.6 

84.6 

84.0 

814 

74 

£3  ales 

A.. 

2a  281 

2a  71 

2184 

512 

67.8 

611 

60.4 

85 

84 

714 

418 

418 

414;  413 

417 

70 

4fl64<ki; 

H. 

29.119 

2a  88 

21 7S 

612 

74.8 

611 

67.4 

87 

45 

7a8 

518 

518 

511 

510 

516 

76 

48 

72  «^ 

J.. 

2a  238 

2a  47 

2108 

7L2 

811 

714 

716 

90 

53 

84.8 

67.8 

611 

616 

64.3 

617 

76 

65 

741  fr 

J.. 

2a  188 

2a  40 

2186 

717 

85.1 

710 

718 

05 

66 

87.1 

712 

67.8 

66. 0 

618 

67.8^  81 

66 

80i7? 

A.. 

2a  161 

2a  88 

2180 

712 

84.0 

74.5 

719 

04 

56 

«S.l 

68.7 

614 

64.0 

610 

614   80 

64 

7S  70 

8.. 

2a  287 

2a  48 

2187 

64.8 

77.2 

618 

69.9 

80 

48 

714 

611 

617 

516 

5a  7 

66.0  821 

64 

7&  70, 

O.. 

29.154 

20.48 

2166 

51.6 

64.0 

65.4 

67.2 

74 

88 

65.7 

48.5 

47.0 

414 

418 

414  87 

58 

79 

l.» 

K.. 

2a  170 

20.55 

2178 

416 

67.4 

47.2 

411 

76 

28 

5a  0 

39.4 

816 

410 

80.8 

88.6  66 

66 

70 

73 

P.. 

2a  261 

20.83 

2164 

818 

60.0 

41.1 

4181 

66 

20 

52.8 

82.1 

20.0 

27.0 

814 

211 

76 

44 

67 

C 

Y.. 

2a  205 

2a88 

2151 

619 

615 

618 

514 

05 

11 

67.6 

4a  6 

411 

417 

47.8 

410 

78 

54 

73 

68 

CHATTANOOGA,  TXNK. 
[Latitade,  800  4'  N.  i  longitade,  86P  15'  W.    Local  time.  0.41  alow,  Bastem.  ] 


J.. 

21865 

29.78 

2182 

819 

418 

814 

814 

63 

18 

416 

ao.4 

212 

80. 0|  80.9 

80.0 

80 

6& 

75  73 

F.. 

2a  222 

2a  60 

2160 

811 

44.7 

814 

814 

69 

6 

411 

216 

218 

316 

80.0 

219 

81 

64 

73  73 

K. 

2a  286 

2a  67 

2105 

814 

610 

415 

416 

72 

20 

512 

812 

83.0 

34.8 

34.1 

84.0 

78 

54 

61;  (» 

A.. 

2a  242 

2a  68 

2103 

518 

67.9 

69.6 

60.4 

82 

85 

714 

61.4 

47.4 

414 

414 

48.7 

80 

55 

70  6.^ 

M. 

2a  149 

2a  80 

2174 

512 

718 

618 

616 

86 

44 

710 

57.8 

512 

510 

617 

618 

87 

67 

76  74 

J.. 

2a  247 

2a  42 

2103 

7ao 

818 

714 

714 

94 

69 

819 

67.6 

61S 

67.5 

07.5 

67.1 

88 

62 

83  77 

J.. 

2a  221 

2a  41 

2103 

712 

811 

710 

77.8  06 

56 

811 

715 

616 

613 

71.2 

70.0 

02 

61 

8«|79' 

A.. 

29.190 

2a  86 

2197 

7a  9 

818 

74.7 

711 

03 

61 

816 

69.7 

617 

6ao 

70.0 

60.2 

03 

64 

KIM' 

8.. 

29.234 

2a  45 

2101 

68.6 

718 

67.0 

69.4 

87 

51 

77.9 

68.0 

61.4 

618 

617 

618 

92 

65 

87,  » 

O.. 

2a  196 

2a  45 

2172 

4a  4 

616 

54.1 

55.7 

74 

87 

64.8 

412' 

419 

47.7 

419 

47.8 

91 

6fl 

m 

7(5 

N.. 

2a  288 

2a  55 

2182 

416 

618 

47.2 

414 

71 

29 

510 

4C.2 

37.0 

87.0 

814 

814 

88 

67 

75 

li 

D.. 

2a  849 

2a  76 

2175 

810 

416 

80.0 

418 

15 

21 

51.5 

81.8 

29.8 

27.2 

29.8 

219 

82 

48 

71 

«: 

Y.. 

29.245 

2a  78 

2160 

51.8 

64.7 

615 

57.7 

06 

6 

67.8 

416 

47.6 

417 

4a»  415 

" 

59 

78 

74. 

CHSYENKB,  WYO. 
tLatltade,  41o  8'  K. ;  kmgitade,  i04o  48'  W.    Local  time,  1.50  alow.  Eaatern.] 


J.. 

21896 

24.16 

2168 

116 

210 

21.2 

216 

51 

-19 

S4.2 

117 

114 

14.4 

11.8 

12.2 

60 

56!  69 

M 

F.. 

21855 

24.21 

2162 

20.2 

80.6 

210 

24.6 

52 

-12 

84.5 

14.3 

113 

17.0 

112 

112 

78 

61175 

71 

If. 

24.641 

24.25 

Sil82 

27.7 

411 

81.8 

817 

61 

3 

44.7 

214 

218 

118 

216 

21.2 

75 

46 

7$ 

6.'. 

A.. 

21982 

24.20 

2154 

817 

418 

89.7 

40.7 

65 

19 

510 

31.2 

212 

211 

.Sl.O 

211 

82 

51 

73 

«o 

H. 

21978 

24.20 

23.76 

812 

614 

45.4 

46.7 

79 

22 

615 

812 

84.0 

84.5 

310 

11.5 

85 

47 

77  71. 

J.. 

24.051 

24.82 

2140 

416 

618 

K^S 

57.6 

81 

85 

718 

418 

414 

416 

410 

410 

64 

45 

73  67 

J.. 

24.111 

24.26 

2180 

617 

710 

63.6 

65.7 

00 

45 

80.8 

612 

47.1 

47.1 

51.6 

416 

75 

36 

87  59! 

A.. 

94.125 

24.31 

2100 

616 

715 

616 

612 

87 

40 

717 

50.6 

44.1 

47.1 

416 

46.6 

75 

43 

6(1' € 

8.. 

24.U68 

24.82 

2167 

415 

67.1 

54.4 

65.7 

«> 

84 

711 

43.7 

85.0 

41.0 

418 

80.2 

71 

44 

fa-.**! 

S7.  M 

O.. 

24.000 

24.27 

2175 

87.8 

57.2 

416 

417 

76 

14 

60.0 

83.6 

26.6 

27.6 

218 

219 

68 

57 

N.. 

21041 

24.24 

2130 

815 

412 

813 

810 

67 

16 

51.8 

27.4 

211 

210 

24.2 

24.1 

64 

45 

6S  5n 

D.. 

23.061 

24.28 

2146 

218 

417 

29.4 

313 

64 

-12 

44.4 

21.7 

21.0 

24.2 

20.0 

91.7 

TO 

55 

y.. 

24.002 

24.82 

2180 

810 

614 

41.8 

44.0 

90  -19 

610 

817 

210 

3L0 

81.5 

815 

74 

47 

m  « 

BEPOBT   OF  THE  CHIEF  SIONAL  OFFICER. 
JfoHtMy  a»d  fearlg  ■ufMnttofioal  MmnAriaa— Contiocwd. 

CHABI.BBT01t,  &  C. 
IH=BZ.   x=a.] 


lairluDC^  nooTd  lott. 


CBXVESSB,  WTO. 

lH=MOt   k=u.) 

JM^, 

w. 

„ 

?'    11 

TflB? 

. 

„ 

, 

^ 

to 

, 

3.50,0  3.1  k2 

3.o'4.B^ea.4 

'1 

W,  H 

141 

n 

m^ii 

" 

.u 

m 

m 

a 
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BEPOBT  OF  THE  CHIEF  SIGNAL   OFFICER. 

3timMg  and  t/aarlf  Melearvtiogieal  lummaria — Continued. 

CHICAQO,  ILL. 

[LBUtudo.4l'>!»'M.i  loBj^tade.  BT°  38'  W.    Local  time,  O.BDilow,  Butar 


i         I 


s  1  i 
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CLSTXLASD,  OHIO. 
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BEPOBT  OF  THE  CHIEF   SIQNAL   OFFICEK. 


Monthly  and  yearlg  meUonlagioal  fimiMarfn-^ontinned. 

COLUMBUS.  OHIO. 
[Latitade.  89o  58'  K. ;  longitude,  88o  O'  W.    Load  time.  0.82  slow,  EMtern.] 


1 

9 


2 


r. 

M 

A. 
M 

J.. 

J. 

A.. 
S.. 
O.. 
N.. 
1>.. 
Y.. 


Preesure. 


s 


In. 

29.251 

29.122 

22.197 

29.165 

29.073 

29.183 

29. 140 

29.127 

29.207 

29.130 

29. 121 

20. 100 

29.160 


a 

(3 

s 


In. 

29.82 

29.67 

29.58 

20.56 

29.38 

29.42 

29.32 

29.42 

29.44 

29.49 

29.53 

29.78 

29.82 


S 

a 


In. 
2a  54 
2a  85 
2a  74 
2a  66 
2a  65 

2a  81 

2a  94 
2a  69 
2a  78 
2a  07 
2a  84 
28.37 
2a  85 


Temperstme. 


a 

'4 


19.7 
14.2 
24.8 
43.2 
54.9 
63.6 
70.4 
65.1 
57.0 
44.8 
37.5 
80.0 
43.8 


a 

OS 


26.8 
24.7 
84.5 
5ai 
67.0 
75.2 
83.5 
7a  9 
7a  1 
67.9 
44.6 
3a  6 
64.8 


a 


22.6 
19.4 
20.5 
49.1 
59.6 
67.6 
75.1 
67.9 
6L8 
4A0 
40.7 
80.9 
47.7 


» 


o 

22.9 
19  4 
29.6 
49.5 


o 

52 
53 
64 

84 


60.7,  86 
6a8  00 
7a  3,  97 
70.0  01 
63.8J  82 
50.6  77 
40i9  69 


82.5 
4&8 


60 
97 


I 

a 


O 

-8i 

-11 

1 

23 

85 

46 

51 

50 

89 

29 

24 

1 

-11 


80.8 
29.5 

sas 

60.0 
7L4 

7a  8 

86.0 
79.7 
74.2 
60.8 
47.4 
40.1 
68.1 


l&O 
0.8 
21.0 
39.0 
51.0 
59.8 
67.2 
62.6 
58.7 
42.1 
84. 4i 
24.7 
40.1 


Dew  poiiit. 


a 


o 

15.7 

10.0 

20.2 

89.2 

60.1 

57.31 

65.0 

61.7 

53.1 

41. 6 

8a8 

25.8 

80l5 


a 

eo 


19.0 

lai 

23.9 
44.2 
68.2 
60.0 
6a6 
64.1 
5&5 
44.5 
86.1 
2a6 
42.8 


a 


O 

17.4 

IS.  5 

23.4 

42l8| 

53.6 

59.8 

6a4 

62.8 

5a8 

43.6 

8&4 

25.0 

4L8 


o 

17.4 
14.8 
22L5 
42LI 
52.8 
5ftO 
6flL0 
62.0 
6&0 
4a  2! 
8&1| 
28i8; 
41.4 


hnddity. 


a 


a 


84 

87] 

82 

88, 

85 

80 

83 

80 

87. 

89 

86: 

82 

85, 


74 
76 


s 
e 


62 
61 


I      I 


80  801 

84' 82 

78i  75. 
80i77| 
80i  W 
7«l72l 
58:  75-'  72 
65'  84i7» 
56:  84{  76| 
63)  82'  7a 
73|  82  80> 
74  78,  78 
66  80  77 


FOBT  COKOHO,  TXX. 
[Latitude,  81o  25^  N. ;  longitude,  lOO^  24'  W,    Load  time,  L  41  dow,  BMtern.] 


J.. 

F.. 
M  . 
A.. 
M  . 

J.. 
J.. 
A.. 
8.. 

o 

28.220 
28.100 
2a  200 
28.042 
2a  021 
2a  073 
28.102 
2a  075 
2a  044 

2a  67 
2a  44 
2a  48 

2a  31 

2a  80 
2a  24 
2a  27 
2a  24 
2a  24 

27.75 
27.64 
27.89 
27.78 
27.68 
27.82 
27.93 
27.87 
27.83 

29.0 
84.2 
44.1 
55.8 
50.6 
71.5 
71.0 
7L4 
60.1 

45.5 
55.8 
61.8 
75.0 
77.9 

oa2 

94.7 
93.9 
84.9 

84.9 
41.6 
50.7 
6i.3 
6&3 
77.0 
79.8 
79.7 
74.8 

86.5 
4a7 
52.2 
64.7 
67.6 
80.0 
82.1 
81.7 
7a  8 

68 

80 

80 

00 

02 

108 

107 

106 

94 

2 
11 
80 
43 
44 
62 
64 
62 
63 

40.8 
50l9 
65.8 
7At 
81.8 

9a7 
oai 

97.1 
8a6 

aa9 

81.8 
42.1 
54.2 
57.8 

6ai 

70.5 
69.7 

6a4 

27.« 
29.4 
40.8 
51.6 
67.8 
67.6 
67.4 
65.0 
67.0 

8a7 

82.4 
44.0 
54.7 
6t.8 
70.1 
60.2 
67.2 
6a8 

3018 
82.0 
44.4 
54.2 
50.8 

6ai 

66.2 

6ai 

6a2 

28.6 
81.8 
43.1 
53.5 
58.3 
6a6 
67.6 
66.4 
68.0 

93 
82 
88 
86 
02 
88 
86 
83 
93 

60 
46 
55 
51 
58 
48 
45 
43 
60 

85  80 
71  66 
79  74 
76  71 
81  77 
73|  70 
651  65 
65  64 
81  78 

N.. 

T)   , 

Y  , 

CONOOBDLA.,  KAKS. 
[Latitude,  80o  85'  N. ;  longitude,  97o  41'  W.    Looal  time,  IJl  tlow,  Bastenu] 


J-. 

p.. 

M.. 

A.. 

. 

M.. 
J.. 
J.. 
A.. 
8... 
O.. 
N.. 
D.. 
Y.. 

28.470 
28  508 
2a  493 
28.519 
2a  523 
28.545 
28.495 
28.587 

2a  80 
2a  81 
2a  73 
2a  77 
28.85 
2a  86 
2a  82 
2a  02 

2a  10 
2a  11 
2a  18 
2a  lo 

2a  05 
28.17 
27.77 
2a  13 

50.8 
62.8 
68.7 
63.1 
67.6 
41.8 
84.8 
27.6 

eao 
7a  0 

81.8 
80.2 
74.6 
62.2 
40.0 

4a  0 

57.0 
69.5 

7a8 

60.« 
64.5 
49.1 
40.5 
82.5 

5a8 
70.4 
74.6 
71.1 
65.6 
50.9 
41.8 
83.4 

84 

101 
04 
07 
94 
87 
75 
67 

81 
46 
52 
46 
46 
24 
24 
0 

7a  6 

82.7 
85.0 
84.0 
77.4 
65.2 
53.  S 
4a4 

49.0 
60.4 
65.0 
60.1 
6&2 
87.5 
81.5 
8a7 

4a2 

60.8 
65.8 
60.8 
54.1 

sao 

81.8 
24.4 

5L1 
67.8 
69.5 
64.0 
57.0 
89.0 
84.6 

aai 

51.8 
63.0 
6a2 
63.6 
6a5 
87.8 
83.6 
27.5 

50.2 
63.7 
67.8 
62.6 
55.9 
87.6 

sas 

27.3 

92 
98 
01 
01 
88 
82 
89 
88 

60 
69 
68 
69 
58 
46 
58 
70 

80 
81 
85 
81 
76 
67 
78 
83 

77 
81 
81 
77 
74 
65 
75 
80 

FOET  CU819ER,  IfOHT. 

[Latitude,  46o  42'  K.  i  longitude,  107o  84'  W.    Local  time,  2.10  doWf  Eaetern.] 


J.. 

26.810 

27.82 

2a  41 

10.1 

lOLO 

14.7 

14.6 

52 

-82 

2a« 

a  2 

-4.8 

las 

7.8 

7.8 

79 

71 
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REPOBT  OF  THE  CHIEF  BIONAL  0FFICSB. 


XLLIOTT,  FORT,  TXZ. 
[Latitude,  »P8<K H.I  longitude  lOOo^'W.    Looal ttme,  l.il alow,  Eartera.] 
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BL  PASO,  ^iTnr 
[Latitude,  81o  47'  N.  i  longitude,  lOOo  OO*  W.    Local  time.  100  dow.  Beaten.] 
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ERIE.  FA. 
[Latltode,  42o  V  N. ;  longitude;  &PVW,    Loeal  time,  0.20  dow,  Baatera.] 
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B8CAKABA,  MICH. 
[Latitade,450  48'K.;  longlfeade,87«>6'T?.    Loeal  time,  0.48  alow,  Basteni.] 
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'BfiPOST  OF  THE  CHIEF  SIGNAL  OFFICEB. 


Montklji  and  yearly  n^itorologieal  MtmnoHe* — CoDtinned. 
ELLIOTT,  FOHT.  IXX. 
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BEPOBT  OF  THE  CHIEF  SIGNAL  OFFICER. 


Mbnthljf  and  yearlf  meteorologictU  mtmmwim    ContiBued. 

FOBT  81CITH,  ABK. 
[LAtitlld^88O22'K.slollgitad•.04O2l'W.    Looaltfan^  LUitow,BMtan.| 


J.. 
F.. 
M. 
A  . 
M. 
J.. 
J.. 
A.. 
8.. 
0.. 
K.. 
D.. 
Y.. 


I 


In, 

20.603 

20.672 

20L648 

28.483 

29.461 

20.608 

20.506 

29.486 

29.407 

20.537 

20.525 

20.643 

20.544 


In. 
8a  28 
8a  01 

8a  00 

20.88 
20.75 
20.70 
20.67 
20.66 
20.78 
20.02 
20.87 
30.01 
8a28 


In. 

28.08 

2a  11 

20.81 

2a  14 

20.00 

20.26 

2a  84 

29.26 

2a  27 

2a  23 

29.00 

2&82 

2&82 


2a8 

28.1 
8a4 
54.4 

6ai 
7ai 

78.6 

ea7 

616 
4&4 
42.4 
84.4 
6a7 


CO 


i 


H 


8&4 
43.6 
6&8 
6a2 
74.8 
82.6 
8&8 
8a4 
8a8 
68.0 

oao 
4a  8 

6&6 


81.7 
86.6 
4a8 
6L7 
64.8 
74.0 

7ai 

76.6 

6ai 
6ai 
6a2 

40.2 
67.0 


82.8 

85.8 
47.8 
61.8 
66.6 
76.6 

8ao 

77.2 
71.2 
67.8 
61.2 
4L6 
6&1 


74 
80 
84 
86 
08 
00 
07 
01 
88 
80 
76 


ICean. 


S| 
1 

24 
40 
41 
•1 
•4 
67 
40 
82 
25 
10 
1 


Dew  point. 


42. 

4a 
ea 

78. 

7a 
oa 

01. 

8ao 
6ao 

7L8 
618 
62.6 

7ao 


84.1 

210 

87.1 

6121 

616 

67.0 

7L6 

618 

62.8 

418 

40.8 

8L6 

416 


8 


a 

6, 


o 

88.81 

21 U 

84.6 

611 

616 

67.8 

7L6 

66.8 

00.8 

44.6 

87.0 

27.8 

410 


:3 


814 
20.6 
87.2 
64.0 
617 
7L2 
74.6 
616 
61.5 
412 
87.1 
80.8 
61] 


o 

87. 
21 
81 

68. 

61 

71 

71 

71 

614 

418 

80.1 

8L8 

616 


I 


hiiBildity. 


27.S 
218 
817 
S2.9 
68L8 
•0.01 
78.8 
610 
•L7 
416 
87.7 
218 
412 


i 

d 


a 


9 


74 


S 


! 


91  n 


08 
•4 
01 


TO  00 


87 

n 

7B 
87 


68 
40 
46 
40 
68 


72i 


FBI800.T7TAH. 
[Latitade,89>  26' K.}  longitude,  1180  irW.    Loeol  tlnl^  188  dow.  BMtain.] 
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GALYBBTOK,  TEX. 
[Latitado,  20*  lO'  N. ;  loDgitnde,  04O47'  W.   Loeol  tlme^  LIO  ilow,  BMtem.] 


J.. 

81136 

80.70 

20.78 

47.5 

612 

6L0 

616 

78 

88 

67.4 

44.1 

418 

41fl414 

412 

80 

ddd 

F.. 

80.080 

80.38 

20.64 

4a  4 

618 

612 

616 

70 

28 

60.2 

418 

410 

411 

47.0 

410 

8S 

^^" 

M. 

80.115 

30.48 

20.72 

57.8 

618 

00.0 

017 

78 

48 

67.1 

64.7 

02.4 

64.4 

64.4 

617 

81 

^« 

fa 

A.. 

2a  071 

80.28 

20.74 

610 

710 

7L7 

7L0 

84 

60 

717 

618 

64.0 

614 

616 

•10 

87 

7N8S 

fga 

M  . 

20.007 

30.11 

20.61 

73.1 

718 

717 

712 

88 

58 

8L4 

716 

610 

•7.8 

616 

•7.0 

64 

M77 

W 

J- 

80.014 

30.15 

2a  88 

81.2 

87.6 

816 

84.1 

02 

78 

818 

712 

716 

710 

716 

714 

78 

9^131 

J.. 

30.021 

80.18 

20.87 

81.0 

818 

84.0 

840 

04 

75 

018 

70.7 

711 

74.4 

714 

710 

80 

A.. 

20.967 

80.11 

20.85 

8L1 

87.0 

816 

84.2 

02 

72 

818 

718 

714 

74.6 

712 

711 

81 

•Ol  76 

7Si 

8.. 

29.928 

80.05 

2182 

77.5 

82.8 

80.0 

710 

01 

68 

84.8 

718 

712 

716 

710 

716 

•7 

TOf  82 

^ 

0.. 

80.021 

80.36 

2a  81 

610 

717 

60.6 

6a7 

82 

40 

711 

68.7 

917 

616 

•10 

014 

81 

•Ol  12 

71^ 

v.. 

80.051 

3184 

20.61 

612 

67.0 

64.5 

64.0 

80 

46 

70.4 

611 

612 

87.0 

616 

616 

81 

7M7StC 

D.. 

81160 

80.40 

20.48 

54.6 

60.7 

67.7 

67.6 

72 

84 

6iq6L2 

416 

61.0 

6L6 

616 

83 

7a8U78 

Y.. 

8a  027 

8170 

28.48 

618 

710 

616 

6a8 

04 

28 

718  64.1 

6L8 

68.0 

•18 

•1.0 

88 

\\\ 

6BAKD  HAYSV,  MICH. 
[Latitado,  480  yK.;  longitude,  860  18' W.    Looal  tlnM»  0.46  ilow^^oston.) 
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HUBOV,  HAS. 
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KITTY  HAWK,  N.  C. 
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LBWISTON.  IDAHO. 
rLatltade,  46o  S'  K. ;  longltade,  117o  fi'  W.    Local  time,  2.48  dow,  EMtetn.] 
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LITTLE  BOCK,  ABK. 
[Latitude,  S4o  49^  K. ;  longitade,  VSP^W.    Local  time,  LOS  slow,  Eastern.] 
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LOS  ANGELES,  CAL. 
[Latitude,  34o  8'  N. ;  llmgitnd^  IIS^  1^  W.    Local  time,  a53  slow.  Eastern.] 
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LOUISVILLE,  KY. 
[Latitude,  SS^  15'  N. ;  longitude,  85P  49^  W.    Local  time,  0.43  alow,  Eaatem.] 
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LYVOHBDBO,  TA. 

[Littltade,870  2yK.{loiigttade,79*»'W.   Local  time,  006  iloir,  BMiem.] 


MAOKOTAW  CITT.  HIGH. 
[LBttfende,  W>  iV  K.  {  longitada,  Mo  3^  W.    Looal  tlm^  0.88  dow, 


MACOar,  70BT,  ST.  C. 
[lAtltade,  840  42f  K.  t  langitnde,  70»  W  W.    JjHsal  time,  0.06  tloir.  Eastern.] 
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MAGINNI8.  FOBT,  HONT. 
[Latttade,  47°  IS'  N. ;  longitade,  100»  lO'  W.    Loeal  time,  2.10  alow,  Baaten.] 


J.. 
F.. 
H. 

H  . 

J.. 
J.. 
A  . 
J.. 
O.. 
N.. 
D.. 
Y- 


95.448 
9&447 
9a  607 
9a  620 
9a  688 
9a  660 
9a  601 
9a  641 
9a  587 
2a  676 
9a  427 
9a  464 
9a  098 


2a  84 
2a  75 

2a  81 

2a  80 

2a  81 

2a  87 
2a  80 
9a87 
2a  78 
2a  80 
2a  78 
9a  84 
9a  88 


2a  08 
24.00 
2a  58 

2a  14 

2a  28 
2a  07 
2a  80 
2a  85 
2a  20 
2a  22 

2a  10 

2a  04 
94.00 


117 
17.8 

2ao 

sao 

48.1 

4a  0 
oao 

64.6 

4a8 
sai 

84.7 

2a5 

87.6 


9X2 
27.2 

4ao 
4a  0 
oas 
oas 

7L5 

oas 

64.4 
67.1 

4ai 

sas] 

0L6 


ia6 

21.9 

sai 
8a7 
4ao 
5a6 
sao 
sao 
eas 

4X6 

8a4 

8X9 
4L4 


17.8 
2X1 
8X2 
4L5 

4as 
sas 

6X5 
60.0 
54.0 

4a9 

4L1 
3X7 
4X6 


4Si 

51 

OS 

72 

81 


06 
00 
88 
61 
05 


-16 

-17 

14 

10 

14 

83 

40 

41 

28 

22 

20 

-4 

-17 


27.8 
8X8 
47.6 
6X1 
64.2 
7X1 

7a  0 

7X0 
0X6 
6X4 
6L2 
4L7 
6X4 


a5 
lao 
oao 
oao 

8X1 

4a8 

51.0 

4ao 

4L0 
8X0 
80.3 
9X1 
8X8 


X 
X 

1X8 
24.0 
2X8 
8X8 
44.0 
4X0 
87.1 
2X1 
28.8 
1X8 
2X2 


a7 

XI 
1X6 
8X1 
4X6 
60.8 
07.4 
8X0 
5X0 

oas 
oao 

2X0 

84. 


'l 


47 

as 

1X4 

94.0 
SLO 
4L5 
4X1 
4a7 
4L9 

9ao 
oao 
la? 

9X0 


X6 
X4 

1X6 
87.9 
84.4 
4X0 

0X4 
47.9 
4X0 
0X0 
9X0 
90.0 
9X1 
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BfiPOBT  OF  THfi'CBISP  8I6HAL  OFPIfiSS. 


Monthly  and  yearty  meUorologioaX  «iim»ari«i— Continued. 

HABQUBTTB,  HIGH. 
[Lfttitad0,4Oo'34N.;  longitade.STOM'  W.   Local  time,  0.49  dow,  ISMton.) 


I 

9 
I 

I 


J. 
P. 
If 


PreMore. 


^ 


29.257 


In, 
29.80 


3 


In. 
2&&9 


TempentoTo. 


a 


o 
4.1 


a 

Pi 


O 

12.4 


a 

Pi 


O 

0.4 


i 


o 
7.6 


o 
L8 


Dew  point. 


4 


9 

0.61 


a 

00 


o 

l.« 


i 


o 
L4 


I 


o 

a9( 


Belatlve 
hanildltj. 


a 


i 


i 


3 

• 


M 

J. 
J. 
A. 

S. 

o. 

D. 
Y. 


29.291 

29.288 

29.165 
29.231 
29.179 
29.224 
29.228 
29.296 
29.202 
29.218 


29.72 

29.66 

29.52 
29.57 
29.60 
29.61 
29.52 
29.54 
29.60 
29.88 


28.54 

28.71 

28.54 
28.81 
28.80 
28.77 
2a  78 
2a  85 
2a  78 
2a  67 


ao 

31.6 

43.7 
54.1 
61.4 
56.0 
5L0 
39.2 
33.4 
2L9 


17.2 
39.6 

4a  6 

59.7 
6a2 
61.9 
61.8 
45.4 
8Si7 
2&5 


la? 

33.5 

4a8 

63.6 
61.6 
66.1 
63.8 
40.3 
3a7 
22.7 


12.0 

84.9 

45.4 
65.8 
63.7 

5ao 

55.5 
41.6 
84.8 
2a4 


49 

76 

81 
83 
89 
88 
87 
761 
60 
48 


-16 

10 

27 
83 
46 
83 
84 
27 
28 
-8 


22.0 

44.1 

64.1 
67.1 
74.4 
65l7 
67.0 
4a6 
80.8 
82.4 


2.1 

2a7 

87.8 
45.8 
64.1 
6a7 

4ai 
3ao 

80.7 
17.2 


42 

16.8 
85.8 

iao 

64.8 
49.0 

4a8 
sa? 

29.7 

lao 


11.5 
27.1 

8a6 

46.0 
54.8 
6L2 

4ao 

84.5 
2a8 
20.1 


ai 
2a6 
8a  7 

45.0 
55.1 
50.6 
44.8 
84.2 
29.1 

la 


1 


7.8 
2a5 
85. 

4a 

64. 

6a 

44. 

84. 

2a 
la 


84 

79 

75 
75 
78 
81 
77 
81 
87 
87 


78 


64 
65 
64 
70 
58 
69 
79 
80 


81 


77  7J 


76 
5 

eoi 

8» 
72 
79  77 


7S 
6» 
77 
83, 

84i 


TENK. 
[Letitade,  85o  9*  K. ;  longitude,  90o  y  W.    Looal  time,  1.00  alow,  Saateni.] 


J.. 

29.857 

3a  83 

29.14 

3L8 

40.6 

37.3 

8a6 

65 

8 

44.4 

2ai 

8a8 

sai 

2a8 

sas 

79 

68 

li 

J 

F.. 

29.722 

30.00 

29.18 

3a7 

4a  8 

40.0 

39.0 

68 

10 

47.4 

sat 

27.2 

2ao 

2a8 

2a8 

77 

56 

^ 

«r 

M  . 

29.798 

3a  21 

29.50 

4a  4 

.^3.1 

4a3 

47.9 

74 

26 

5a8 

sao 

8a6 

sao 

8&6 

sao 

78 

49 

^ 

« 

A.. 

20.683 

80.  U5 

29.82 

5a9 

7a  3 

6a2 

63.5 

84 

85 

7a  1 

5ai 

47.9 

4ao 

4a  8 

4a4 

7a 

48 

62 

61 

M. 

20. 017 

20.03 

29.17 

62.6 

74.9 

67.7 

68.4 

90 

41 

77.6 

57.0 

5a4 

5a  8 

6a5 

54.7 

78 

48 

60 

« 

J.. 

29.698 

29.86 

29.45 

7a  7 

86.2 

T7.9 

7a  8 

96 

64 

8ao 

7a  7 

67.1 

oas 

oai 

67.5 

81 

68 

75 

6» 

J.. 

20.688 

29.86 

29.54 

77.1 

88.0 

80.2  81.8 

96 

64 

90.8 

74.8 

7L9 

eao 

7a8 

7L4 

64 

56 

79 

W 

A.. 

29.663 

2a  83 

29.38 

7a  7 

87.3 

77.5 

7a  5 

98 

60 

8a6 

7L5 

6ao 

67.8 

6a8 

6a2 

«3 

58 

75 

70 

S.. 

29.681 

2a  86 

29.46 

67.1 

7a4 

7L7 

7a7 

88 

62 

8L6 

oai 

6a8 

64.2 

6ai 

64.0 

87 

68 

81 

76 

0.. 

29.669 

30.00 

2a  36 

5a  4 

67.0 

5ai 

5a2 

81 

42 

6a8 

61.8 

4a  6 

4a9 

4a6 

4a4 

88 

50 

74 

71 

K.. 

29.6661 

29.93 

29.25 

4a8 

69.8 

50.5 

5a  0 

80 

80 

6L6 

4a8 

89.0 

sas 

sai 

87.6 

78 

45 

65 

<3 

D.. 

29.790 

30.22 

20.04 

sao 

4a6 

4a  4 

4a6 

68 

18 

5L8 

84.7 

2ai 

80.9 

8L2 

8a4 

74  54 

6«  65) 

Y.. 

2a  711 

30.33 

29.04 

54.5 

6a5 

sao 

60.2 

98 

8 

6a2 

5L8 

4ao 

47.8 

4a5 

4a4 

8M64 

71  W 

MILWAUKEB.  Wia 
iLatitnde,  48o  V  K. ;  longitnde,  87o  54'  W.    Looal  time,  0.51  alow,  Baatem.] 


J.. 

29.306 

29.90 

2a  87 

a5 

14.4 

las 

ia4 

44 

-21 

ia5 

ao 

a6 

7.0 

as 

4.9 

83 

73!  80 

1 
79 

F.. 

29.206 

20.76 

28.62 

4.0 

lai 

las 

lai 

41 

-24 

ia2 

1.4 

1.8 

as 

as 

17 

87 

76 

86 

S3 

M. 

29.275 

29.67 

28.01 

20.8 

2a6 

24.5 

24.5 

54 

-4 

8ai 

17.2 

ia6 

las 

ia4 

111 

85 

69 

78 

77: 

A.. 

20.263 

29.58 

28.76 

37.0 

44.4 

8a7 

40.4 

77 

22 

4a8 

88.8 

8a4 

8a4 

84.0 

sas 

83 

66 

81 

771 

M. 

29.164 

29.42 

2a  72 

4a4 

ai.7 

4a  J 

4a  7 

80 

27 

5a9 

4a4 

sai 

sao 

4a5 

814 

76 

60 

74 

70' 

J.. 

2a  261 

29.57 

2^00 

5a5 

66.6 

5a6 

60.2 

86 

40 

7a  8 

50.5 

50.9 

617 

5L9 

5L8 

82 

66 

79 

75 

J.. 

29.208 

2a  51 

28.07 

64.4 

74.0 

6a9 

6a4 

93 

52 

7a  6 

60.0 

60.0 

61-7 

6L1 

60.0 

80 

67 

83 

78 

A.. 

20.227 

29.58 

2a  85 

59.6 

67.8 

61.9 

6ai 

8ft 

46 

7a  9 

6a7 

6a7 

6a9 

57.1 

5a2 

87 

68 

85 

80 

8.. 

29.256 

2a  49 

2a  68 

5a2 

65.9 

59.0 

60.0 

84 

41 

69.8 

6ao 

49.9 

50.9 

517 

51.2 

83 

61 

80 

75 

O.. 

29.196 

2a  60 

2a  88 

4a  9 

51.5 

44.8 

4a4 

69 

81 

5a9 

40.4 

87.6 

4a7 

817 

sas 

8S 

69 

83 

7B 

N.. 

20.183 

2a  62 

2a  73 

85.2 

4a  3 

37.1 

87.5 

60 

22 

4ao 

sao 

8a9 

sao 

815 

sio 

84 

74 

83 

81 

D.. 

29.238 

29.84 

2a  80 

24.6 

2a8 

2a6 

2a3 

47 

-11 

8a4 

20.1 

9L4 

2a8 

23.1 

214 

87 

82 

80 

85 

Y.. 

29.282 

2a  90 

2a  87 

87.8 

4a8 

4a6 

4L4 

93 

-24 

4a7 

34.2 

8a2 

8a4 

sas 

34.6 

84 

69 

81 

78 

HOBILB.  ALA. 
fLaUtnde,  30o  41'  N. }  longitude,  88o  2^  W.    Looal  time,  0.82  alow,  Sastera.] 


J.. 
F. 
K. 
A. 
M. 
J.. 
J.. 
A.. 
S.. 
O.. 
N.. 
D.. 
Y.. 


30.159 
3a041 
31 121 
31033 
29.034 
80.023 
80.018 
29.005 
29.940 
29.091 
30.052 
30. 175 
31038 


30.51 
80.41 
3151 
30.31 
3100 
30.15 
3121 
3116 
30.12 
3128 
3130 
80.63 
3153 


29.78 
29.51 
29.74 
29.80 
29.64 
29.79 
29.81 
29.79 
29.69 
216)^ 
2174 
20.67 
2151 


417 
418 
415 
6L4 
615 
74.0 
712 
75.4 
715 
55.8 
50.6 
42.8 
5a8 


54.6 
55.5 
60.7 
71.9 
77.8 
85.4 

8ai 

83.9 
811 
71.1 
62.9 
57.1 
718 


47.3 
417 
53.2 
613 
719 
77.0 
77.8 
77.7 
75.1 
61.8 
55.2 
415 
610 


412 
413 
53.5 
612 
7L7 
718 
717 
70.0 
716 
610 
612 
415 
64.2 


70 

77 

78 

86 

86 

93 

94 

94j 

90 

82 

'^ 
69 

94 


20 
28 
29 
40 
58 
63 
66 
60 
00 
41 
32 
26 
20 


617 

5a8 

612 
74.1 
811 
88.2 
815 
814 
84.9 
719 
03.2 
60.0 
714 


89.8 

811 

40.2 

818 

44.8 

418 

611 

517 

64.1 

sas 

71.0 

7a  8 

718 

7L7 

719 

78  6 

718 

70  3 

117 

511 

47.2 

4a4 

40.0 

87.4 

613 

56.0 

EETOET  OP-THB  CHIEF  SIGNAL  OFFICEE. 

Manthlf  and  yearly  meteoralogieal  tummariet — Continued. 

UABQtTETTE,  HICH. 

lS=m.    A=6T.l 


UEMPEIS,  TEHN. 


MOBILE.  ALA. 


4.7'fl.3<.5'-i.! 

n,on 

i 

8R. 

as 

„ 

0 

J 

10 

11    0 

1; 

r 

0!. 

0 

s!  7  5.  It  54. 1 

3 

;■■.„ 

1% 

11  ii 

0,   5 

F. 

4.  IK 

'w,' 

:» 

3 

! 

i 

0    2 

o.'J\%ia*.i 

iioi 

3K. 

12 

z 

r 

si!, 

itn 

"  li 

H 

1 

«'     D 

NK. 

: 

:i 

11 

1.B3 

V  22 
ft  23 

U. 

».0(K 

a 

B 

3 

2 

1 

7 

4.11 

1.07 

12 

a|  1 

I 

J. 

3:«4 

N. 

6 

2 

la  li 

10 

3.8: 

0.M 

2; 

15  0 

i< 

1 

J. 

4,582 

8E. 

18 

11 

1.40 

20!  0 

1 

A. 

sfa'ii'SsB 

4.(124 

slow 

Js' 

NE. 

16 

IB 

e 

^ 

•J 

e  r 

i 

^ 

ill! 

fi 

1< 

18 

fl 

'fijO 

0 

; 

J 

a. 
a 

RW.'2« 

E.' 

IC 

0 

M. 

4!  9  3. 1^2.4  as 

e.ai>ii.:ia 

»i. 

1» 

2 

D 

6.  as.  0  3. 14. 8  59.  awl    , 

2-17 

""i"i" 

sa  81 

!!! 

T" 

msma 

.S,:=|.j=,|.... 

" 
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EEPOET   OP   THE   CHIEF   SIGNAL   OPFICEB. 


Monthly  and  yearly  meteorologioal  fufimiarfd^— Continued. 

HOKTGOMBBY,  ALA. 
[Latltiide,  32o  2^  N.  i  Umfcitnde,  W>  18'  W.    Looal  time,  0.46  alow,  Eastern.] 


I 
1 

a 


w  •  •  • 

p.. 

H.. 
A.. 
If.. 
J.. 
J.. 
A.. 
8.. 
O.. 
N.. 
D.. 
T.. 


I 


In. 
28.069 
20.839 
89.012 
20.842 
29.789 
29L832 
20.810 
20L776 
20.774 
20L788 
28L842 
20L064 
20.841 


In. 

8a  83 
30.22 
80.81 
30.18 
20.04 
20.08 
80.01 
20.00 
20.06 
80.06 
80.10 
80.87 
80.87 


In. 

20.60 
20.21 
20.57 
20.67 
20.30 
20.61 
29.58 
20.68 
20.64 
20.40 
SOL  48 
20.46 
20.21 


Temperatare. 


40.8 
8&7 
44.0 
5&3 
04.3 
74.2 
75.0 
74.6 
70.1 
63.0 
4&1 
80.8 
66.8 


n 

d 


61.0 
68.6 
60.7 
74.6 
77.7 
87.6 

8ao 

8&8 
81.7 
69.4 
61.9 
64.9 
7a  6 


B 


o 

45.8 
45.0 
•1.4 
04.4 
68.2 
77.6 
77.7 
77.9 
73.7 
69.6 
52.9 
46.6 
61.6 


» 


4a  2  73 
45.4  70 
51. 7|  7 
65.8  86 
7a  1'  69 
79.8'  95 

80.2  08 
79.7,  05 
75.2.  91 
60. 9!  79 

64.3  79 
4a  6  70 


63.0 


98 


Keas. 


I 


19 
15 
26 

38 

48= 

63: 

63 
65 
65' 
40 
31 
25 
15 


65.2 
65.6 
62.2 
7a  8 
60.4 
90.0 
01.0 
89. 8 
83.2 
7a  7 
63.8 
57.2 
73.0 


Dew  point 


o 

8a9 

35.4 
4a  6 
6&6 
01.2 
7a  8 
71.7 
71.7 
68.2 
61.0 
45.4 

8a6 

68.8 


sas 

83.1 
80.8 
52.6 

6a4 

60.2 
71.1 
72.8 
67.7 
60.8 
44.2 
33.3 
52.8 


(5. 


88.1 
33.7 
37.8 
40.6 
6&1 
67.8 
7a  8 
72.8 
00.8 
6a7 
4L1 
84.0 
6L0 


a 


8a7 

85.8 
4L4 
52.8 
6a  5 
7a  0 
72.5 
72.6 

ea7 

63.0 

4ao 
8a4 

64.0 


I 


87.7 
84.0 
80.6 
5L7 
68.7 
68.8 
7L6 
72.4 
60.1 
6L8 
43.6 
846 
62.7 


homidtfy. 


d 


85) 

81 

84 

82 

82 

85 

88 

OB 

08 

88 

87 

70 

86 


P. 


68 

48 


64 
63 

60 


54 

51 
48 
66 


Ck 


77 
70 
70 
67 
76 
78 
8l77t 


75 
67 
67 
«i 
71 
72 


84 


88  83 


70 


80 


74 


77  72 
71 
77  7J 


HONTKOSE.  COLO. 
[Latitade.  ZSPWy.f  Longitude,  107o  66^  W.    Looal  time,  2.12  alow.  Eastern.] 


J... 

* 

1 

p.. 

K. 

A.. 
H.. 

J.. 
J.. 
A.. 
8.. 
0.. 
N.. 
P.. 
Y.. 

24.178 
24.861 
24.223 
24.287 
24.804 
24.887 
24.805 
24  348 
24878 
24.816 
24866 

24.64 
24.63 
2447 
24.41 
2448 
24  60 
2440 
2448 
2463 
2461 
24  74 

23.04 
2403 
23.00 
24.00 
23.00 
24  27 
24.28 
24  04 
2416 
23.72 
23.77 

23.0 

2ao 

88.4 
43.2 
60.2 
67.2 
64.4 
47.2 

8a3 

27.8 
18.7 

8a4 

60.0 
642 
64.7 
74  0 
81.6 
70.0 
74  0 
63.2 
48.8 
36.9 

30.2 
88.1 
44  6 
68.1 
62.1 
68.9 
63.0 
68.2 
44.6 
35.8 
2a8 

•  ■  •  •  • 

29.9 
3a  3 

45.7 
63.7 
62.1 
6a  2 
65.8 
6a  8 

4ao 

37.3 
27.6 

67 
68 
73 
84 
86 
06 
97 
86 
79 
GO 
55 

6 
16 
27 
34 
38 
50 
45 
31 
It) 
13 
-10 

42.1 
65.6 
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HOOBHEAD,  MINN. 
[Latftnde,  46o  62'  N.  {  Longitnde,  96o  44'  W.    Loeal  time,  1.27  slow,  Eastern.] 
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MOUNT  WASHINGTON,  N.  H. 
[Latitade,  440  16'  N. ;  -lonKitad^  71^  IV  W.    Local  time,  ai6  fisMt,  Eastern.] 
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EKPOET   OP -THE    CHIEF   SIGNAL    OFFICER. 
XotttUg  4ad  jworly  tteltorologleal  utmmaflt* — Continued. 

UONTOOUESY,  AI.A. 
[H  =  21IL    k=58.] 
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BEPOET   OF   THE   CHIEF   SIGNAL -OFFICEE. 


Monthly  and  yearly  meteorologioal  9ummarie$ — Continaed. 

HYEB,  FOET,  VA. 
[Latitade.  39>  SS'  N. ;  longitiide  77o  V  W.    Local  time,  0. 06  slow,  Eastwn.] 
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NASHVILLB.  TENN. 
[Latitude.  36o  10'  N. ;  longitade.  86o  47'  W.    Local  tiqae.  0. 47  alow.  Eastern.] 
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NEW  HAVEN,  CONN. 
[Latitade,  41o  18'  N. ;  longitude,  72*  66'  W.    Local  Ume,  0. 08  fast.  Eastern.] 
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NEW  LONDON,  CONN. 
(Latitude,  41o  21'  N. ;  longitude,  72<>  5'  W.    Local  time,  0. 12  fast,  Eastern.] 
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2a  12 

32.3 

3a  4 

34.2 

35.0    59 

14    42.0 

27.9 

25.7 

2a  4 

2ao 

2a  7 

76 

68 

72  7-1 

Y.. 

29.961 

30.78 

2a  00 

4a  0 

52.0 

4a  5 

4a  5   02 

1 

5a  2 

4a  8 

3a  3 

41.2 

8a5  40.0  78 

66  77  74 
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NEW  LONDOH,  CONN. 


4.B«.bL 
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Monthljf  and  yearlg  meteorological  sumiiutriei — Continaed. 

^nSW  ORLEANS,  LA. 
[Lfttltade,  29o  68^  N. ;  longitude,  909  i*  W.    LooiJ  Ume,  LOO  dow,  EMtem.) 


I 

1 
I 

I 


J.. 

F.. 

H. 

A.. 

K 

J.. 

J.. 

A.. 

8.. 

O.. 

N.. 

D.. 

Y.. 


PiesBnre. 


t^ 


In. 
80.113 
8a  008 
8a  080 
29.978 
29.893 
20.904 
29.991 
29.936 
29.901 
29.967 
80.025 
3ai48 
8a004 


In, 
30.63 
8a  36 
80.40 
80.25 
8a  06 

sais 

80.16 
80.11 
80.05 
8a  27 
30.30 
3a  47 
8a  53 


In. 
29.74 
20.65 
29.70 
29.77 
23.60 
29.79 
29.80 
29.77 
29.67 
29.70 
29.72 
29.  S8 
2a  55 


Temperatare. 


4&4 
4H.6 
58.8 
66.1 
7a  1 
78.8 
7a  6 
77.6 
74.8 
60.3 
55.8 
48.8 
63.4 


o 

sao 

6il.4 
63.6 
75.5 
7&2 
86.4 
87.4 
84.5 
81.5 
72.7 
65.6 

5ao 

72.4 


m 

P. 


51.8 
52.5 
58.2 
Ga8 
73.4 
8L8 
81.7 
79.1 
75.5 
64.2 
5&1 
52.1 
66.5 


I 


52.1 
53.1 
58.4 
7a  5 
73.9 
82.2 
82.9 
80.4 
77.1 
65.7 
59.7 
53.1 
67.4 


75 
75 
77 
83 
87 
92 
02 
93 
92 
80 
85 
73 
93 


o 

28 
30 
86 

52 
60 
72 

74' 


Ifeaa. 


8 

0 

I 


s 


o 
58.6 
60.8 
65.6 
7a  4 
80.3 
8a  1 
00.2 


Dew  point. 


a 


i 


70   89.2 


66 
40 
40 
30 
28 


85.2 
73. 7t 
67. 6> 

61.6; 

74.9 


45.1 
45.8 
51.1 
64.9 
68.4 
7a  8 
7a  8 
74.7 
72.1 
5a2 
52.2 
45wO 
60.9 


41.5 
4a  9 
45.6 
60.7 
64.2 
72.8 
74.0 
75.0 
72.0 
5ai 
50.5 
44.0 
68.1 


o 

48*0 
40.6 
4a  4 
61.0 
62.3 
69.5 
71.8 
73.4 
72.7 
54.3 
50.  j^ 
47.6 
57.8 


m 


BelMtre 
hninidity. 


a 
S 


42.9 
42.3 
48.6 
(i2.6 
64.9 
78.0 
74.1 
75.2 
72.2 
58.6 
61.5 

4ai 

60.3 


i 


o 

42.5 
41.3 
4a  9! 
61.41 
63.8 
71.8 
73.8. 
74.5' 
72.3; 
5a  3i 
60.8' 
45.9; 
58.4! 


77 
76 
76 
84 
82 
82 
83 
92 
93 
86 
85 
85 
83 


NEW  YORK  CITY,  N.  Y. 
[Latitnde,  40o  43'  N. ;  longitnde,  74^  W.    Local  time,  a04  fiut,  Eastern.] 


J.. 
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60 
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51 
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17.2 

78 

73 
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7h; 

H  . 
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29.86 

25.6 

34.9 

28.5 

29.7 

58 

6 

37.9 

22.5 

ia5 

23.8 

22.7 
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77 

64 

n 

7ji 

A.. 

29.859 
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2a  29 

43.0 

54.4 

45.8 

47.7 

81 

27 
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3a  7 
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3a  7 
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74 
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«tc 

H  . 
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80.11 

2a  44 
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61.6 
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5a  2 

85 

89 

64.7 

4a  8 

45.3 

4a  0 

47.7 

47.0 

77 

65180 

74 

J.. 

29.832 

80.12 

29.28 

63.0 

74.5 

64.5 

67.8 

91 

61 

78.0 

59.0 

55.9 

57.1 

55.2 

5ai 

78 

56 

72  ® 

J.. 

29.808 

30.04 

29  55 

7a  5 

8a  0 

72.0 

74.2 

96 

56 

83.5 

67.4 

63.7 

64.5 

65.6 

64.6 

80 

61 

81 

74 

A.. 

29.810 

3a  11 

2a  53 

67.6 

7a  0 

68.8 

7a  8 

90 

51 

78.8 

04.2 

62.1 

61.7 

63.2 

62.3 

83  63 

83 

7« 

S.. 

29.900 

3a  23 

2a  18 

59.0 

70.1 

62.3 

G4.I 

84 

43 

73.4 

57.1 

53.0 

53.1 

54.7 

53.6 

78 

56 

77 

70 

0.. 

2a  853 

3a  13 

2a  03 

51.2 

5a  3 

53.0 

54.5 

74 

84 

62.7 

47.9 

4a  4 

4.'».7 

47.1 

4a  4 

84 

63 

81 

76 

N.. 

20.765 

30.17 

2a  40 

41.5 

4a  1 

43.7 

44.8 

69 

25 

52.5 

3a  2 

35.2 

35.7 

8.'>.6 

35.5 

79 

62 

74 

71 

!>.. 

20.831 

80.55 

20.02 

83.5 

3a  1 

35.3 

3a  0 

60 

14 

44.4 

20.4 
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27.6 
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Y.. 
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78 

73 

NORFOLK,  VA, 
[Latitude,  860  51/  x. ;  longitnde,  76o  17'  W,    Looal  time.  0.05  slow,  Eastern.] 


J.. 

8a  148 
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50.5 
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65 

76 
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06 
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68 
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69 

20 
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sao 
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76 
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4a  0 

45.5 

4a  3 

77 

68 

7:^ 

ti 

M. 

29.906 
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7a  6 

62.8 

65.1 

84 

47 

73.0 

5a3 

67.7 

5a7 

57.8 

sai 

86 

68 

84 

79 

72 

J.. 

saooo 

80.25 

29.63 

7L5 

80.6 

7a  7 

74.3 

87 

56 

83.2 

05.8 

64.3 

63.7 

64.4 

64.1 

78 

66 

81 

J.. 

29.956 

8a  17 

29.71 

7a  7 

87.8 

77.0 

80.5 

99 

50 

90.5 

72.5 

6a  2 

6a2 

7a  4 

69.3 

7el 

54 

81 

71 

A.. 

29.967 

saio 

29.66 

75.0 

a^2 

7516 

77.9 

94 

60 

85.4 

7L3 

6a4 

616 

6a4 

67.8 

81 

69 

70 

rs 

S.. 

80.044 

3a27 

2a  55 

6a2 

7a  0 

67.8 

7a  0 

80 

51 

77.7 

03.0 

60.6 

5a  3 

62.1 

60.7 

83 

67 

K 

74! 

0.. 

20.985 

80.31 

29.23 

5a7 

a5.6 

5a8 

60.4 

82 

43 

67.9 

53  5 

52.2 

53.3 

52.8 

52.6 

a5 

66 

79 

77' 

N.. 

29.953 

8a82 

29.54 

47.1 

67.2 

4a  8 

51.4 

78 

85 

58.0 

44.5 

52.0 

4:1.3 

43.6 

43.0 

83 

61 

80 

7S 

D.. 

80.028 

80.67 

29.82 

39.2 

4a8 

41.7 

43.2 

60 

22 

52.1 

34.3 

33.2 

33.0 

82.3 

33.1 

79 

60 

70 

TO 

Y.. 

80.005 

8a  75 

29.28 

54.7 

64.1 

6a4 

5a4 

99 

14 

6a6 

50.7 

4a  8 

4a  4 

4a  4 

4a  2 

81 

61 

78 

7S 

1 
t 

NORTH  PLATTE.  NEBB. 
[Latitude,  41o  V  N. ;  longitnde,  lOO^  45'  W.    Looal  time,  1.43  slow,  Easteni.] 


J.. 

27.105 

27.63 

2a  54 

7.4 

ia8 

11.6 

12.0 

47 

-27 

23.5 

2.3 

1.0  12.2 

5.4 

a2 

75 

72 

74 

74 

F.. 

27.035 

27.86 

2a  65 

15.2 

2a  3 

17.8 

ia8 

50 

-22 

29.9 

ia4 

a  6 

1&4 

12L0 

13.8 

78 

72 

77 

76l 

K. 

27.154 

27.40 

2a  83 
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4a4 

34.0 

86.6 
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49 

6» 

ea 
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27.035 

27.33 

2a  67 
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ai.o 

55.8 

56.3 

85 

28 

6a7 

47.2 

44.5 

44.6 

47.1 

4.^4 

84 

62 

73 

Tu 

J.. 

27.088 

27.,'W 

2a  46 

5a4 

73.6 

a'>.2 

65.7 

80 

44 

7a  0 

55.8 

53.6 

55.3 

57.8 

65.6 

^ 

66 

77 

73 

J.. 

27.091 

27.87 

2a  67 

64.1 

8(1.0 

71.7 

72.2 

08 

48 

83.8 

02.2 

60  8 

64.3 

63.8 

63.0 

00 

•0 

77 

7o 

A.. 

27.118 

27.85 

2a  80 

60.7 

75.4 

65.4 

67.2 

«:' 

51 

78.3 

59.2 

5a  1 

50.9L5a6 
.51.053.6 

6a  2 

01 

60 

82 

'f^ 

8.. 

27.073 

27.44 

2a  50 

53.3 

71.6 

61.6 

62.2 

00 

43 

74.2 

51. 7 

4a  2 

.M.O 

86l 

63 

74 

71 

0.. 

27.115 

27.86 

2a  76 

8a4 

5a  2 

47.4 

4a  3 

83 

IP   6:11 

3a  2 

33.9 

37.8 

37.6 

3a  4 

M 

49 

71 

6^ 

N.. 

27.020 

27.38 

3a35 

31.0 

47.5 

sao 

3a  5 

fXi 

2.3  M.m 

3a  7 

2a  0 

3a  1 

84.8 

33.3 

88 

67 

» 

»"> 

P.. 

27.091 

27.4'; 

2a  60 

26.9 

4a  8 

31.0 

32.9 

60 

-6   44.3 

24.2 

22.0 

30.8 

2a2 

2a6 

84 

68 

82 

79 

Y.. 

27.077 

27.53 

2a  85 

3a  8 

55.4 

46.0 

47.1 

98 

-27    5a  8 

37.3 

35.1 

4a  0 

3a7 

37.9  83 

69 

77 

#3. 

1 
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nSW  OSLEAHB,  LA. 
[7=112.    fc=77.1 


$73 


HORTH  FLATTS,  NIEBB. 
[H'=2.S41.    &=».] 
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Monthly  and  yearly  meteorological  summaries — Contmaed. 

OLTMPIA,  WASH. 
ILatitade,  47^  3'  N. ;  longitude,  122°  &3'  W.    Local  time,  3.11  slow,  EMtem-J 


In 

8 
I 

I 


J.. 

F.. 
If  . 

A.. 
M  . 

J.. 
J.. 
A.. 
8.. 
O.. 
K.. 
D.. 
Y.. 


PreMure. 


S 


In. 

80.071 
80.024 
80.154 
80.024 
29.927 
29.978 
29.979 
29.976 
29.013 
2a  982 
29.757 
80.014 
29.983 


Jn. 
30.44 
30.41 
80.54 
30.27 
30.18 
30.30 
30.25 
30.21 
30.17 
30.24 
80.21 
30.48 
30.54 


In. 
29.51 
29.65 
29.83 
29.74 
29.09 
29.67 
29.70 
29.72 
29.55 
29.73 
29.06 
29.53 
29.06 


Temperaturo. 


SeUtive 
humidity. 


37.9 
42.8 
39.8 
39.4 
46.4 
53.5 
63.7 
51.8 
52.6 
44.6 
44.0 
40.6 
45.6 


84 


s 
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89  8K 


82  91  M 
74  83  83 
051  71  Tfi 
63)  69  74: 

^  65  7-J 

OOJ  64  71 

691  781  J^' 
88J  H7; 

90,  r:» 

S3   91 


7« 
73 
87 
87 
74 


91 

81 


90! 

82) 


OMAHA,  NBBR. 
[Latitude,  41o  lO'  N ;  lonf^tnde,  950  56^^.    Local  time,  1.24  slow.  Eastern.] 


J.. 

2a  975 
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7.6 

7.8 
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OSWEGO.  N.  Y. 
[Latitude,  43<>  29*  N. ;  longitude,  76©  3^  W.    Local  time,  0.06  slow,  Eastern.  1 
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PALESTINE,  TEX. 
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REPORT   OP   THE   CHIEF   SIGNAL   OFFICER. 


Monthly  and  yearly  metearologioal  sumntariea — Continued. 

PENSACOLA,  FLA. 
[Latitude,  80o  25^  K. ;  longitade,  87o  Id'  W.    Local  tima,  0.49  slow.  Sastern.] 
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PHILADELPHIA,  PA. 
[Latitude,  39o  67'  N. ;  longitude,  75o  V  W.    LooiJ  time,  0.00,  Xaatem.) 
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PIKE'S  PEAK,  COLO. 
[Latitude,  38o  60'  N.  i  longitude  105o  2'  W.    Looal  time,  2.00  alow,  Eaatem.] 
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PITTSBUBO,  PA. 
[Latitude,  40o  82'  K. ;  longitude,  W>VW.   Looal  time,  0.20  Blow, 
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Monthly  and  yearly  meteorological  summaries — Continued. 

POPLAR  RIVER.  MONT. 
[Latitude,  48o  8"  N.;  longitade,  lOSP  IV  W.    Local  thne,  2.00  slow.  Eastern.] 


PreMure 

• 

Temperatare. 

Dew  point. 

RelatiTe 
humidity. 

*0 

Mean. 

1 

00 

• 

• 

a 

0 

• 

a 

0 

1 

• 

• 

• 

m 

Month 

• 

i 

s 

B 

• 

a 

« 
I* 

• 

a 

• 

CO 

a 

• 

•-» 
o 

• 

a 

O 

a 
ii 

o 

s 

a 

• 

a 

• 
eS 

• 

a 

• 

a 

r-t 

• 

• 

B 

a 

6. 

• 

a 

fn. 

In, 

In. 

o 

o 

o 

o 

o 

o 

o 

o 

o 

1 

J.. 

27.880 

28.43 

27.28 

-11.9 

-0.5 

-  1.1-4.5 

37-63 

7.6 

-16.1 

-12. 8 

-  2. 1  -  2.  5 

-  5.8 

95 

93 

93  ?4 

P.. 

27.851 

2a  28 

27.19 

-  0.6 

7.6 

1.0 

0.7 

40-50 

11.6 

-10.3 

-  7.8 

6.3 

0.3 

0.9 

94 

91 

94 

9.1 

M  . 

27.937 

28.27 

27.60 

19.0 

31.9 

27.0 

26.0 

53-  1 

36.2 

17.0 

17.1 

28.7 

25.7 

2a  8 

92 

88|  95 

92 

A.. 

27.804 

2&18 

27.33 

34.0 

55.3 

40.6 

43.3 

77    18 

5a2 

32.2 

30.8 

43.2 

36.6 

m.9 

KH 

66  8C 

m 

M  . 

27.785 

28.16 

27.49 

43.0 

66.6 

52.8 

54.1 

87;  22 

.69.6 

3a  0 

3a  4 

49.  8*  4^  6 

44.6 

85 

58 

7? 

73 

J.. 

27. 829 

28.21 

2^27 

50.4 

72.8 

01.3 

63.5 

94,  30 

77.  5 

50.0 

52. 6 

62.4   57.7 

57.6 

67 

71 

»j  fc'i 

J.. 

27.778 

28.09 

27.40 

57.8 

77.  8|  64. 8 

66.6 

95'  42 

82.1 

53.2 

52.2 

62.4    5ai 

57.6 

84 

61 

SU 

A.. 

27. 914 

28.18 

27.05 

50.8 

71.8  58.6 

60.4 

9L    36 

74.3 

47.7 

47.5 

54. 6'  53.  0 

51. 7 

80   57 

83 

7& 

8.. 

27.799 

28.16 

27.35 

40.4 

69.2   53.6 

54.4 

91   24 

72.7 

3a  2 

30.2 

51. 6!  44. 1 

44.0 

85   58 

73 

7:! 

0.. 

27.866 

2a  20 

27. 41 

28.2 

56. 3l  39.  5 

41.3 

82i    9 

59.4 

20.9 

23.7 

32.4!  30.5 

2a  9 

82   43 

72 

G6 

N.. 

27. 771 

2a  13 

27.37 

24.8 

41.  71  30. 1 

32.2 

65;  10 

21.4 

21.1 

32.7   24.9 

2a  2 

85   71 

m 

79 

D.. 

27.825 

2a  29 

27.31 

11.9 

2a  o;  lae 

19.5 

61-15 

31.6 

ao 

6.0 

20. 2i  12.9 

lau 

77    73 

7* 

7G: 

Y.. 

27.837 

28.43 

27.19 

29.0 

4a  2   37.2 

3ai 

93-03 

66.2 

25.7 

25.4 

36.81  32.2 

3L5 

87   69 

W 

m 

PORT  ANGELES,  WASH. 
[Latitude,  489  T  N.;  longitude,  123°  &  W.    Local  time,  3.14  slow,  Eastern.] 


J.. 

!}'> 

24 
28 

41.4 

49.8 

31.2 
36.4 

( 

1 

1 

F.. 

80.005 

30.40 

29.57 

38.4 

47.0 

42.8 

42.7 

58 

30.5 

42  3 

40.0 

39.6 

02'  84  90^ 'ft) 

M 

80.166 

30.51 

29.84 

88.8 

49.8 

45.5 

44.7 

58 

30 

53.3 

36.6 

37.2 

45.1 

43.0 

41.8 

94   8^  91   9 

A.. 

30.044 

30. 28 

29.  76 

37.1 

52. 2 

46.4 

45.2 

67 

30 

55.2 

35.9 

35.3 

44.5 

42.1 

40.6 

93   76-  85  8' 

M  . 

29.041 

30. 17 

29.  65 

44.3 

55.2 

61.8 

50.4 

72 

35 

58.4 

43.1 

42.8 

49.7 

4a  5 

47.0 

94'  82 

8K  fc> 

J.. 

29.909 

30.  23 

29.  69 

4a  8 

5ai 

55.8 

5J.2 

60 

37 

61.2 

4a  0 

46.5 

50.7 

CO.  2 

49.1 

92   77 

82   K.: 

J.. 

80. 003 

30. 24 

29.  77 

50.9 

64.0 

59.4 

sai 

82 

44 

67.8 

49.  U 

4a  0 

'    53.3 

53.31  .^.8 

93   70i  81   81 

A.. 

29.909 

80. 22 

29. 74 

49.4 

no.  6 

56.2 

55.4 

74 

4.*^ 

6*.0 

4K.  1 

47.9 

54.0 

52.  2;  51.  4 

94    79!  «7l  r, 

S.. 

29. 910 

30.19 

29.  53 

4a  3 

5a  8 

53.5 

52.9 

67 

38 

WI.4 

46.7 

47.2 

53.4 

51.6;  50.7 

96 

89|  93 

!tj' 

0.. 

29. 993 

30.28 

29.64 

42.3 

52.8 

46.5 

47.2 

61 

30 

55.6 

39.3 

41.4 

47.6 

45.3 

44.8 

97 

63 

90 

IT- 

N.. 

29.720 

30.17 

29.05 

40.1 

47.3 

41.3 

42.9 

55 

26 

40.4 

34.6 

39.3 

43.8 

40.2 

4L1 

97 

68  96 

U 

D.. 

30.000 

30.48 

29.47 

3a  0 

43.8 

3a9 

40.2 

53 

14 

45.5 

30.6 

37.3 

40.3 

sao 

3a5 

97 

8&  97 

« 

Y 

55.2 

1 

40.0 

• 

t 

1 
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PORTLAND,  ME. 
[Latitude,  43o  39'  N.;  longitude,  70o  15"  W.    Local  time,  0.19  fast,  Eastern.] 
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BEPOBT   OF  THE   CHIEF  SIGNAL   OFFICES. 


Monthly  and  yearly  meteorological  eummariee — Continaed. 
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SANDY  HOOK,  N.  J. 
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Monthly  and  yearly  meteorological  summaries — Continaed. 

SAVANNAH,  GA, 
[Latitude.  32<»  V  N. ;  longitude,  SP  S'  W.    Local  Ume,  0.24  alow,  Eastern.] 
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SHAW,  FORT.  MONT. 
[Latitude.  47o  31'  N. ;  longitude,  llio  48'  W.    Local  time,  2.27  slow,  Eastern.] 
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26.63 

25.87 

39.0 

5-2.0 

43.3 

45.0 

76 

17 

58.2 

32.2 

2-2.5 

31.6 

26.5 

26.9 

64 

49 

51 

^ 

M  . 

26.287 

26.  58 

25.97 

46.4 

62.0 

50.0 

53.0 

85 

22 

67.7 

39.2 

32.8 

44.7 

34.9 

87.3 

69 

55 

57 

57 

J.. 

26.317 

26.61 

25.87 

53.6 

66.  0 

58.8 

59.8 

89 

32 

72.9 

47.2 

39.9 

61.7 

47.6 

46.4 

62 

61 

70 

64 

J.. 

26.354 

26.57 

26.12 

56.1 

73.2 

6-2.9 

64.1 

94 

44 

77.8 

50.0 

45.5 

59.0 

49.8 

61.4 

70 

64 

65 

66 

A.. 

26.394 

26.64 

2a  12 

52.4 

7-2.0 

60.3 

61.6 

96 

39 

70.5 

48.3 

40.8 

65.2 

44.4 

46.8 

67 

66 

59 

62] 

8.. 

26.310 

26.57 

25.87 

48.2 

66.8 

53.1 

56.0 

00 

33 

71.4 

42.9 

37.4 

45.3 

86.1 

89.6 

67 

49 

55 

57 

55 

C. 

26.873 

26.75 

26.00 

87.9 

50.5 

45.6 

47.7 

80 

17 

63.5 

33.4 

26  8 

35.9 

80.9 

81.2 

64 

43 

58 

N.. 

26.216 

26.55 

25.84 

84.1 

50.8 

40.6 

41.8 

•  •  • 

9 

30.9 

25.3   30.8 

28.4 

28.2 

71 

48| 

62 

6<^ 

P, 

26. 298 
26.319 

26.78 
26.81 

25.03 
25.71 

31.6 
3^6 

42.2 
53.8 

34.6 
44.2 

36.1 
45.5 

63 
96 

-  6 
-28 

45.2 

27.6 
33.5 

Y.. 

SHREVEPORT.  LA. 
[Latitude,  82o  30'  N. ;  longitude,  03o  40'  W.    Local  time,  1.14  slow,  Eastern.] 


J. 

F.. 

M  . 

A.. 

M  . 

J.. 

J.. 

A.. 

8.. 

C. 

N.. 

D.. 

Y.. 


29.959 
29.840 
29.917 
29.770 
29.714 
29. 795 
29.797 
29. 7fi2 
29.753 
29.807 
29. 829 
29.943 
29.824 


80.50 
80.24 
80.31 
80.13 
29.03 
29.95 
29.96 
20.91 
29.93 
30.18 
80.14 
30.81 
30.50 


29.39 
29.36 
29.55 
29.49 
29.  38 
29. 59 
29. 62 
29.. 59 
29.63 
29.55 
29.83 
29  16 
29.16 


36.7 
3a  5 
47.7 
GO.  4 
63.  6 
73.8 
75.8 
74.3 
69.2 
52.9 
48.6 
41.8 
56.9 


46.4 

41.3 

51.2 

45.4 

61.8 

5:1.8 

76.1 

67.4 

79.9 

70.0 

90.4 

70.1 

91.8 

80.  C 

90.8 

HO.  3 

82.9 

73.6 

70.1 

59.  G 

64.9 

54.4 

55.9 

4a  0 

7L8 

62.8 

41.5 
4.5.0 
54.4 
08.0 
71.2 
Hl.l 
82.7 


7.T 
78 
81 
02 
92! 
98 
100 


81.8  101 


75. 2 
60.9 
56.0 
4a  6 
63.8 


95 
83 
K1 
73 
101 


13 
15 
31 
40 
52 
60 
69 
62 
55 
38 
32 
25 
13 


50.0 

33.8 

31.7 

5G.3 

3.5.4 

31.5 

06. 1 

45.2 

4-2.7 

70.7 

.58. 6 

53.  8 

83.1 

62.3 

57.2 

93.  6 

71.5 

68.9 

9.>.  5 

74.3 

7-J.3 

93.3 

72.8 

70.4 

85.5 

OH  ?. 

66.  6 

72.4 

51.  G 

49.0 

66.8 

45.4 

43.8 

5a  7 

39.0 

34.8 

75.1 

54.8 

51.9 

34.0 
82.8 
44.41 
54.5 
56.2! 
69.  9 
70.8 
G8.0, 
66.2 
4a  8 
40.8 
36.9! 
51.9 


32.6 

34.0) 

43.8 

55.9 

60.1 

70.7 

73.5 

71.6 

6a  2 

62. 2t 

45.0 

36.5 

63.7 


32.8 
82.8 
43.6 
54.7 
57.8 
69.8 
72.2 
7a  0 
67.0 
60.0 
43.2 
36.1 
52.5 


82 

64 

77 

63 

83 

65 

60 

51 

81 

47 

85 

53 

89 

51 

9% 

48 

91 

69, 

87.  50 

84   46 

77i  52 

»4 

52 

4 


n 

66!  65.; 
7o:  6» 

70  67 

711  »:«, 
77  721 
79  73 
75*  7ll 
84 
77 
72 
67 
73 


79; 
71' 
67 
65 
7v 


SILL,  FORT,  IND.  T. 
[Latitude,  340  40'  N.;  longitude,  98o  23'  W.    Local  time,  1.33  slow.  Eastern.] 


J.. 

2a  926 

29.38 

28.27 

22.8   35.4 

2a  7  2a  0 

GO 

1 

3a  2 

21.2 

21.2 

26.2 

25w6 

24.3 

04 

70 

88 

H 

F.. 

2a  806 

29.19 

28.24 

27.7 

44.2 

35.0   3ii.C 

GH 

(5 

4a  1 

26.7 

25, 5 

2a  I 

2a  1 

27.6 

91 

55 

80 

7S 

M  . 

2a  876 

29.17 

2a  52 

40.0 

57.  5 

47.5   4a  3 

80 

24 

60.9 

3a  6 

3.5. 9 

3a  5 

3a  2 

37.2 

8(» 

49 

74  7i> 

A.. 

2a  682 

29.01 

2a  31 

52.  1 

70.  G 

.5a  0  oao 

K7 

37 

73.2 

50.2 

48.3 

47.5 

50.3 

<a7 

87 

48 

74|  :<» 

M  . 

2a  681 

2a  90 

2a  3.t 

57.  9 

73.  9,  G-2.  3'  G4. 7 

87 

4'J 

7,5.7 

55.4 

.55.  1 

.5a  7 

57.5 

.56.4 

91 

.58 

a5]  78 

J  .. 

2a  719 

2a  98 

2a  4K 

G8.  4 

aT.'i   7:i.2   75.0 

93 

59 

8a  4 

64.6 

6a3 

7a  4 

6a  2 

6a6 

9 1-  66 

88  y* 

J.. 

2a  735 

28.  88 

2a  57 

72.0 

92.4    7a  1    8a  8  100 

C2 

04.0 

6a2 

6H,0 

6a2 

7a  4 

69.  5 

901  49 

7S  72 

A.. 

28.718 

2a  88 

28.  5J 

cao 

00.  r.  7a  1  7a  5 103 

M 

92.5 

6.5. 8 

6:5. 0 

62.8 

64.9 

64.2 

m  14 

70  67 

8.. 

2a  734 

2a  95 

2a  44 

62.  4 

H3.  0;  GO.  G   71. 7 

01 

52!  84.31  6a  7 

5a  9 

CX7 

63.6 

62.4 

92   53 

82  76 

0-. 

2a  775 

•29. 12 

2a  51 

46.0 

7a  G   r».5.7    .'■>7.7 

88 

3:ij  71.  9,  45.  8 

43.  4 

44.9 

4a  2 

44.8 

88   41 

71  c: 

N.. 

2a  7.')1 

20. 09 

2a  11 

40.0   04.  G;  50.  Ki  .V2.0 

R4 

2.'»    GO.  3    4a  1 

35. 6 

31.6 

3,5. 7 

34.3 

84i  35'  59  ^9\ 

D.. 

2a  847 

29.14 

2a  12 

35.2    53.1 

41.  81  4.3.4 

70 

1.1    .55  1    34  1 

a3. 1 

35.4 

3a  7 

35  1 

■  921  54'  82'  7S 

Y.. 

2a  771 

29.38 

2a  11 

49.  G   6a  3 

56.5   5ai|103 

1           1 

1 

7a  6   47.6 

4a  5 

47.8 

4a  0 

47.8 

Ml  52  78  73. 
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a 


J. 
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MonUUy  and  yearly  meteorological  summariea — Continued. 

SITKA,  ALASKA. 
[Latitade,  67o  8'  N. ;  longitude,  185o  19'  W.    Local  time,  4.1  alow,  Eaatem.] 


Preaaare. 


9 


In. 
29.731 
20.670 
29.950 
29.972 
29.823 
29.915 
80.023 
29.969 
29.503 
29.658 
29.206 
29.009 
29.754 


In. 
81).  30 
8ail 
80.41 
30.36 
30.11 
30.12 
3a  37 
30.23 
80. 02 
30.25 
29.78 
30.27 
80.41 


In. 
28.83 
2a  94 
29.16 
29.58 
29.42 
29.57 
29.  r2 
29.66 
29.09 
29.08 
2&62 
28.72 
28.62 


Temperature. 


a 

«i 


35.1 
85.7 
38.9 
39.5 
46.6 
51.8 
63.5 
55.5 
51.0 
46.1 
88.8 
36.0 
44.0 


i 

m 

CO 


36.5 

38.4 

42.1 

43.91 

52.0 

66.9 

6&2 

60.0 

65.3 

40.8 

4L5 

37.6 

47.6 


a 

Pi 


86.0 
87.6 
41.1 
42.9 
60.7 
55.5 
67.2 
59.4 
52.2 
47.8 
39.8 
86.7 
46.4 


a 

I 


85.9 
37.2 
40.7 
42.1 
49.7 
54.3 
56.3 
68.3 
52.8 
47.9 
40.2 
36.8 
46.0 


a 

MM 


a 

0 

J 

a 


49 
49 
69 

62 

79 

70 

70 

75 

69 

50 

60! 

50 

79 


191 
24 
29 
29 
37 
39 
47 
44 
88 
33 
29 
20 
19 


Mean. 


§ 

a 

eg 


40.7 
41.9 
46.8 
48.0 
56.9 
61.1 
62.8 
64.7 
6&6 
63.2 
44.8 
41.7 
51.7 


0 

a 

.a 


o 

80.7 
32.0 
35.7 
86.9 
48.8 
46.8 
60.8 
62.6 
48.0 
43.0 
35.5 
31.0 
4a  6 


Dew  point 


«i 


o 

20.7 
30.8 
34.7 
84.1 
40.7 
44.9 
49.2 
51.4 
46.8 
40.6 
32.6 
8a6 
38.8 


a 

p» 


3L0 
32.6 
8&9 
85.6 
42.5 
47.0 
52,0 
63.8 
47.6 
4L5 
33.6 
31.8 
40.4 


a 

01 


30.8 

81.9 

8&6 

36.3 

411 

46.8 

61.0 

64.1 

46.5 

40.6 

82.61 

31.  Ot 

38.9 


9 


30.5 
31.6 
86.1 
35.0 
41.8 
46w2 
50.7 
52.9 
47.0 
40.0 
32.9 
80.0 
30.7 


Bdatire 
humidity. 


a 


80! 

81 

85 

82 

81 

79' 

86 
86 
82 
77 
80 
82 


a 

« 

pi 


a 


9 


81 
80 
82 
74 
72 
72 
80 
79 
76 
74 
74 
78* 
77, 


81"  81 
80  (&, 
84  64 
76 


75 
73 
80 
83 


75 

82 


Si  »| 

77  7& 

76  78i 

80  7» 

"i1 


8MITHVILLB,  K.  C. 
[Latitade,  83o  66'  N. ;  longitade.  78o  1'  W.    Local  time,  0.12  alow,  Eaatem.] 


J. 

F. 

M 

A. 

M 

J  . 

J. 

A. 

8. 

O. 

N. 

D. 

Y. 


30.158 
20.901 
30.062 
30.042 
29.928 
80. 034 
29.999 
29. 061 
80. 016 
29.050 
29.984 
30.076 
30.016 


30.68 
80.45 
30.54 
80.50 
30.16 
30.23 
80.19 
30.15 
80.24 
80.23 
80.35 
80.59 
8a  68 


29.74 
29.31 
29.66 
20. 62 
29.59 
29.76 
29.74 
29.51 
29.58 
29.38 
29.56 
29.46 
^.81 


43.8 
89.2 
41.6 
55.2 
66.4 
74.2 
78.5 
76.8 
71.2 
57.9 
49.3 
42.8 

5ai 


60.2 
46.5 
60.7 
64.9 
74.2 
80.8 
84.2 
83.7 
77.5 
67.9 
60.2 
61.3 
66.0 


45.8 
41.7 
45.3 
57.5 
67.0 
74.8 
79.0 
78.0 
73.3 
60.6 
62.4 
45.5 
60.0 


46.6 
42.5 
45.8 
59.2 
6a  2 
76.4 
80.6 
7a  5 
74.0 
62.1 
54.0 
4a  5 
6L4 


65 
61 
65 
76 
83 
02 
00 
01 
86 
80 
74 
66 
02 


21 
16 
22 
33 
49 
69 
60 
02 
49 
4C 
29 
24 
16 


53.1 
4a  1 
53.1 
66.8 
7a  2 
82.8 
8a  3 
86.1 
7a  8 
6a  5 
61.5 
53.4 

6ai 


38.9 
34.5 
87.6 
51.0 
61.6 
08.8 
73.6 
72.2 
66.8 
53.4 
45.2 
3a  5 
53.5 


3a5 
81.4 
36.5 
4a  4 
62.1 
09.0 
7a  4 
72.4 
67.4 
5a7 
44.7 
35.4 
52.6 


4a  6 
3a  4 
40.7 
54.4 
05.11 
7a  9; 
75.41 
74.81 
69.5 
5a  4| 
4a  3 
40.3 
5a  8 


41.0 

sai 
.')a8 

53.0 
62.7 

6a  0 

74.4 
74.0 
Ga5 
56.0 
47.0 

sao 

55.1 


3a4 

34.6 

aa? 

62.3 

63.3 

6a  0 

74.4 

7a  7 

6a5 

6ao 

47.0 

3ai 

54.7 

8P0KANB  FALLS,  WASH. 
[Latitude,  47o  40^  K;  longitade,  IITO  25^  W.    Local  time,  2.40  alow,  Ea.<item.] 


J  . 

F. 

M 

A. 

H 

J  . 

J. 

A. 

S. 

o. 

N. 
D. 
Y. 


28.060 
27.088 
2a  121 
27.061 
27.014 
27.041 
27.054 
27.070 
27.036 
2a  044 
27.876 
27.086 
87.060 


2a  60 
2a  41 
2a  36 

2a  10 
2a  21 

2a  20 

2a  13 

2a  18 

2a  25 
2a  20 
2a  86 
2a  44 
2a  60 


27.62 
27.57 
27.84 
27.53 
27.40 
27.69 
27.74 
27.76 
27.63 
27.71 
27.43 
27.551 
27.43 


lao 

32.2 
86.0 
3a  7 
4a  5 
55.6 
61.3 
57.0 
61.8 
8a8 
8a8 
82.1 
42.8 


25.7 

sao 

68.0 
5a  3 
63.4 
6a  3 

7a  0 
7a  2 

65.8 
55.6 
44.8 
87.2 
55.8 


2a2 

87.6 

4ai 
5a3 
5a8 
6a  0 

74.7 

7a  9 

61.1 
40.6 
41.8 
35.0 
52.1 


21.0 
86.6 
45.7 
50.8 
67.2 
63.9 
71.3 
7a  0 

sao 
4a  0 

4L1 
84.8 
60.1 


60 
54 
72 
75 
82 
87 
94 
99 
88 
76 
00 
67 
99 


14 
20 
26 
28 
85 
44 
47 
47 
87 
26 
25 
13 
14 


3a  4 
4a8 
57.6 
6ai 
6a3 
74.6 

8ao 
8a8 

72.0 
61.0 
4a  9 
42.3 
60.6 


lao 

30.4 

8a  6 

37.5 

4a  0 

63.4 
67.2 
54.8 
4a  9 
37.0 
84.9 
30.1 
80.8 


lao 

20.2 
81.1 
32.1 
41.8 
48.5 
53.2 
50.3 
46  8 
31.6 
3a  8 
2a  7 

8a6 


lao 

34.0 

3a7 

44.0 
47.0 
55.0 
60.8 
6a4 

5a4 
4a6 

4L0 
33.8 
45.0 


17.8 

3a4 
4a  5 

44.2 
47.7 
5a2 
61.9 
62.4 
54.3 
4a  4 

8a  6 

8L1 
44.3 


ia5 

82.2 
87.1 
40.1 
45.8 
53.2 

sao 

5a7 

52.8 
4a  5 
87.6 
81.  U 
42.0 


87 
80 
82 
74 

7a 

77 
75 
76 
81 
75 
87 
87 
81 


78 
60 
02 


68»  7: 


00 
OS 
56 


80  » 


85 
76 


67 
70 
65 


M 
74 

6p 
70 
65. 


02  Qi  & 
72 


«9 


79 

78  80,  76 
86i  89  8k 
86;  86 
CO  76 


7* 


SPBHraFIELD.  ILL. 
[Latitade,  2HP4W1X;  longitade,  80o  SO'  W.    Local  time,  0.58  alow,  Eastern.] 


J.. 

20.400 

3a  02 

28.66 

las 

24.1 

20.6 

20.8 

54 

—14 

2a6 

12.0 

ia4 

ia8 

ia6 

ia2 

77 

71 

75  74 

F.. 

20.366 

29.84 

2a  86 

ia5 

25.0 

20.4 

20.0 

55 

—11 
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11.7 

ao 
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11.2 
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09 

07 

67  6^• 

H  . 

20.418 

29.78 

2a  96 

82.8 

41.8 

8a  7 

8a8 

65 

12 

4a8 

20.1 

23.0 

2a9 

23.4 

24.4 

66 

60 

61,  61 

A.. 

20.317 

28.69 

2a  92 

47.4 

67.6 

SO.  2 

51.7 

76 

30 

60.3 

4a  1 

8a3 

42.9 

80.0 

4a  7 

74 

61 

G^  6> 

H  . 

20.247 

20.50 

2a  00 

55.7 

67.0 

60.7 

61.4 

82 

88 

7a  6 

52.7 

4a  2 

4ao 

49.1 

47.8 

71 

51 

66,  f2 

71  67 

72  67 

J.. 

2a  338 

2a  58 

2a  09 

6a  9 

77.0 

60.3 

71.0 

88 

50 

8a  0 

62.2 

67.1 

60.2 

60.3 

5ao 

74 

55 

J.. 

2a  301 

2a  50 

2a  12 

72.5 

85.0 

7a  0 

7a  1 

06 

63 

87.3 

60.8 

64.6 

65.4 

6ao 

oao 

76 

53 

A.. 

20  298 

29.  .'iO 

2a  98 

aM 

7a  1 

6a  0 

71.0 

02 

48 

7a  0 

62.6 

sas 

60.3 

60.8 

50.0 

79 

56 

73  €A 

8.. 

2a  343 

2a  58 

S8.89 

sao 

71.8 

63.0 

64.0 

82 

44 

7a  1 

56.9 

52.9 

5a5 

50.0 

54.1 

80 

55 

76  711 

O.. 

29. 29.') 

29.63 

2a  85 

4a  7 

sao 

52.0 

52.0 

75 

36 

62.3 

4a  0 

3a  9 

43.4 

43.5 

42.8 

77 

57 

73  ® 

K.. 

29.294 

2a  64 

2a  77 

41.2 

50.3 

4a  3 

4a  6 

70 

30 

55. 6 

88.0 

3a  5 

3a  0 

8a6 
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74 

OS 

691  6S 

!>.. 

29.391 
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2a  65 

32.8 

3a7 

34.8 

8a6 

58 

6 

44.0 

2ai 

25.8 

27.5 

2a2 
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76 
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72 

3 

Y.. 

29.341 

3a  02 

2a  65 
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Monthly  and  yearly  meteorological  summarieB — Continued. 

STANTON,  FORT.  N.  MEX- 
[LaUtade.  83o  SO'  N.  i  longitude,  105o  20^  W.    Local  time,  2.2  slow,  Sactem.] 


• 

Preaaure. 

Temperature. 

Bew  point. 

BeUtiTe 
humidity. 

• 

i 

>1 

• 

1 

• 

a 

o 

• 

a 

• 

CO 

o 

• 

a 

• 
o 

• 

a 
2 

o 

• 

a 

9 

J 

M 
0 

46 
67 
76 
78 
84 
85 
01 
03 
85 
82 
72 
08 
03 

• 

a 

0 
O 

-8 
0 
10 
28 
82 
38 
40 
45 
82 
23 
15 
10 

-8 

Mean. 

• 

a 

a 

• 

eo 
o 

• 

a 

• 

Pi 
O 

1 

o 

a 

• 

B 

• 

ft 

• 

S 

« 

•   1 

a 

a 

1 

1 

1 

4 

E 

E 

j 

Cf 

• 

1 

o 

86.8 
55.4 
60.0 
67.4 
71.2 
70.0 
78.3 
76.8 
77.0 
70.3 
50.2 
53.2 
65.5 

• 

1 

J 

In, 

Jn. 

J». 

o 

13.6 
26.2 
81.3 
87.3 
41.6 
47.0 
54.3 
53.6 
46.0 
81.0 
80.0 
23.5 
36.5 

o 

P 

M 

A 

• 

Af 

\ 

J  . 

.T  , 

...,..- 

A.. 

• 

K  ., 

t 

0  .. 

I 

N.. 
D.. 

Y.. 

23,900 
23,969 

24.10 
24.30 

23.46 
23.45 

81.0 
28.1 



56.0 
50.4 

41.5 
35.1 

44.4 
87.0 

28.0 
21.3 

32.7 
81.6 

20.8 
27.1 

30.2 
26.6 

76 
76 

43 
50 

64 
73 

eil 

1 

STOCKTON,  FOET.  TEX. 
[Latitude,  80o  53^  N. ;  longitude,  102o  53'  W.    Local  time.  1.51  alow,  Eastern.] 


J.. 

27.072 

27.43 

26.67 

31.5 

48.0 

37.1 

30.2 

76 

3 

52.5 

27.2 

25.7 

27.0 

27.6 

27.1 

80 

52  70 

1 
67 

F.. 

26,065 

27.28 

26. 62 

87.1 

59.0 

44.0 

47.8 

84 

13 

64.1 

33.4 

27.7 

32.4 

81.0 

8a  7 

70 

39  63 

57 

M. 

27.066 

27.30 

2^78 

46.5 

63.6 

52.3 

54.1 

84 

33 

68.0 

43.8 

40.6 

44.6 

44.2 

43.1 

90 

53 

75 

0» 

A.. 

26.033 

27.  \A 

20.72 

54.0 

78.0 

64.1 

65.4 

01 

42 

81.5 

52.1 

44.4 

50.4 

5L5 

4&8 

71 

39 

64 

•'^ 

M 

26,010 

27.20 

26.68 

58.7 

HO.  5 

66.6 

68.6 

09 

40 

85.0 

66.5 

54.5 

60.8 

60.7 

68.3 

86 

S3 

80 

73 

J.. 

26.062 

27.09 

26. 73 

68.2 

02.0 

70.8 

70.0 

104 

59 

04.8 

65.6 

62.7 

77.1 

70.8 

70.2 

82 

64 

82176 

J.. 

27.008 

27.11 

26.00 

60.4 

01.9 

78. 4 

70.9 

102 

62 

05.1 

67.8 

63.6 

64.1 

65.1 

64.8 

^ 

41 

66163; 

A.. 

27.003 

27.12 

26.  84 

68.8 

01.7 

77.0 

70.5 

106 

58 

03.8 

66.6 

bl.5 

65.5 

63.7 

6a.6 

78 

44 

64!  62; 

8.. 

27.040 

27.16 

26.87 

61.  G 

83.5 

72.0 

72.4 

05 

51 

86.0 

59.8 

67.5 

63.5 

64.6 

61.0 

87 

54 

7» 

73 

O.. 

27,058 

27. 28 

20.80 

51.9 

77.2 

50.5 

62.9 

05 

34 

70.4 

40.5 

44.6 

40.7 

49.1 

47.8 

78 

42 

71 

63 

N.. 

27,031 

27.36 

26.61 

4a  1 

75.3 

57.4 

60.3 

80 

23 

78.2 

44.0 

88.6 

40.4 

41.7 

43.2 

70 

4J 

57 

56; 

Y.. 

106 

1 

SULLY,  FORT,  DAK. 
[Latitude,  44o  SO'  N. ;  longitude,  lOO^  89'  W.    Local  time,  1.43  slow,  Eastern.] 


J .. 

50 

58 

07 

80 

89 

97 

108 

103 

98 

87 

57 

66 

108 

25 
27 
21 
27 
36 
45 
45 
84 
19 
10 
-  8 
-33 

19.8 
22.6 
49.2 
65.0 
73.7 
81.7 
90.8 
80.8 
77.1 
65.9 
46.2 
40.5 
59.4 

-4.8 
0.0 
23.4 
87.4 
45.9 
53.8 
61.8 
56.9 
49.0 
31.9 
23.5 
15.2 
32.9 

A. 

F., 

M 

A 

M 

., 

J 

J 

A. 

R  , 

0 

N.. 

1 

D.. 
Y 

28,800 

28.76 

27.81 

1&6 

35.5 

25.3 

20.5 

15.1 

26.7 

2L0 

2ao 

"m 

71 

84 

81 

TATOOSH  ISLAND.  WASH. 
[Latitude,  48o  23'  N. ;  longitude,  1240  44'  W.    Local  time,  3.19  slow,  Eastern.] 


J.. 

29,03B 

80.29 

29.35 

40.8 

41.3 

41.4 

41.2 

54 

82 

44.8 

88.1 

sao 

37.6 

87.2 

37.2 

86 

87 

85 

86 

F.. 

29,012 

30.38 

29.45 

44.4 

45.2 

45.1 

44.0 

55 

84 

4a  2 

41.6 

4a  3 

41.9 

41.3 

41.2 

841 

89 

87 

87 

M. 

30,074 

30.45 

29.73 

46.4 

4a  5 

47.5 

47.5 

63 

80 

51.7 

44.3 

42.0 

42.5 

4a  0 

43.3 

88 

8«  8^ 

g7 

A.. 

29.974 

30.22 

29.67 

45.4 

40.1 

47.3 

47.3 

63 

87 

52.8 

4.3.6 

41.6 

42.2 

42.1 

87 

79;  83 
86J89 

83 

M. 

29.880 

30.10 

29.57 

40.2 

53.4 

51.0 

51.2 

60 

42 

55w6 

47.7 

4a  0 

4a  4 

47.7 

4ao 

92 

89 

J.. 

29,946 

80.19 

29.63 

51.7 

57.3 

5:18 

54  3 

06 

45 

59.4 

50.2 

49.2 

62.1 

50.3 

50.5 

01 

83 

88 

87 

J.. 

29,945 

30.18 

29.70 

54.2 

60.1 

5a5 

56.0 

74 

48 

64.6 

52. 1 

52.0 

55.0 

sa7 

sac 

93 

64 

01 

n 

A.. 

29,942 

80.16 

29.71 

53.0 

58.0 

55.6 

55.5 

71 

40 

64.7 

51.2 

51.8 

53.9 

fta4 

5ao 

95 

88 

92 

91 

S.. 

29.833 

30.11 

29.45 

54.6 

57.8 

55.6 

56.0 

06 

49 

60.5 

51.0 

52.8 

54.2 

53.6 

sas 

94 

88 

93 

93 

0.. 

29.898 

80.17 

29.51 

60.8 

52.1 

51.4 

51.4 

59 

45 

5ai 

47.0 

4a  4 

47.2 

47.7 

47.1 

m 

iSP 

8$ 

^ 

N.. 

29.019 

80.07 

2a  97 

47.6 

4a5 

4a  8 

4ai 

58 

39 

51.6 

44.6 

43.0 

44.3 

44.4 

44.1 

86 

86 

87 

81 

D.. 

29.900 

80.40 

29.  .38 

45.8 

4a  5 

4a  1 

4a  1 

:u 

33 

49.7 

42,7 

4a  0  4a  7 

4a6 

4a4 

81 

81 

81 

81 

Y.. 

29,905 

30.45 

2a  07 

4a7 

51.5 

50.0 

50.1 

74 

32 

55.0 

4a  3 

4a4  4a9 

46  3 

4a2 

89 

83 

87 

87 
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THOWAfl,  FORT,  MOT. 
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TOLEDO,  OHIO. 

[Latitude,  iVW;  longltade,  S3<>  SI-  W.    Loral  tin»>.  0.34  ■loir,  Ewtern.] 
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Monthly  and  yearly  meteorological  aummariee — Continaed. 

VALSNTINE.  KBBB. 
[LMiitad^  420  50'  N. ;  lonKitode,  lOOo  32^  W.    Local  time.  1.42  slow,  Eastorn.  ] 


• 

PreMUTA. 

Tempermtare. 

Dew  point 

Belattre 
humidity. 

I 

• 

i 

1 
1 

• 
>1 

o 

• 

a. 

• 
o 

• 

a 

• 
o 

• 

o 

• 

B 
E 

o 

• 

a 

0 
t 
1 

O 

Mean. 

• 

• 

B 

• 
CO 

• 

a 

• 
O 

• 

1 

o 

• 

a 

CO 

• 

B 

• 

P. 

9^ 

a 

e 
o 

a 

m 

a 
1 

• 

a 

J 

• 

a 

d 
1 

a 
9 

J .. 

In, 

In, 

In. 

O 

o 

• 

o 

F. 

f 

M  . 

A   . 

M  . 

J.. 

J.. 

A.. 

8.. 
0.. 
N.. 
D.. 
Y.. 

27.286 
27.320 
27.230 
27.284 

27.64 
27.56 
27.60 
27.70 

26.83 
26.93 
26.74 
26.79 

50.1 
87.4 
2ft2 
20.1 

70.7 
57.4 
47.0 
88.9 

58.5 
44.3 
35.7 
27.4 

59.8 
46.4 
37.3 
2&8 

94 

87 
69 

68 

35 

22 

16 

9 

74.0 
61.0 
50.7 
43.2 

'i&o 

34.5 
27.0 
1&9 

43.7 

3a  3 

24.8 
14.3 

21.7 
26.8 
28.6 
20.7 

44.8 
32.0 
28.6 
19.4 

43.2 
29.7 
27.3 
18.1 

80 
77 
83 

77 

'42  '631  61 
36  64'  5» 
52  76;  70; 
51   73  67 

..  |.. 

VICKSBUBG,  MISS. 
[Latitode,  32o  22'  N. ;  longitude,  90o  53^  W.    Local  time  1.3  slow,  Eastern.] 


J.. 

80,000 

F.. 

29,877 

M  . 

29,950 

A.. 

29,824 

M  . 

29.732 

J  .. 

29,828 

J.. 

29,825 

A.. 

29,782 

8.. 

29, 773 

O.. 

29,822 

N.. 

29,859 

D.. 

29,977 

Y.. 

29,854 
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MoniUy  and  searlgmeleorologieal  tmmmariei — Continned. 
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MonHUif  and  yearly  metearoloyioal  MOMidrttfr— ContiniMd. 

YDMA,  ABIZ. 
[Latitude,  32o  45^  K. ;  longitade,  114o  W  W.    Looal  time,  2.38  dow,  EMt»ra.1 
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Monihlif  and  yearly  mete^rolofftcal  «ttmfluiH«9— Continued. 

YUMA,  AXIZ. 
[H=141.    A =21.] 
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APPEN  DIX    29* 

Mean  range  of  atmospheric  pressure  at  stations  of  the  Signal  Serviee,  United  SkUes  Armff, 
for  each  monU^  of  the  year.  (  Computedfrom  January f  1880,  to  Deeemher^  1885,  inchuive, 
except  at  stations  opened  subsequent  to  the  former  date.) 
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Ml 

0.07 

0.08 

o.r2 

0.54 

0.51 

0.50 

0.02 

0.78 

0.86 

a«5 

Kitty  Hawk.  N.  C... 

1.21 

1.20 

L02 

0.04 

0.72 

0.02 

0.52 

0.54 

0.64 

0.83 

a  88 

aoo 

Macon,  Fort  N.  C... 

l.l.'t 

1.00 

0.80 

0.94 

0.60 

0.61 

0.51 

0.51 

0.60 

0.74 

a85 

aso 

SmithviUe,  N.  C 

1.05 

1.02 

0.89 

0.82 

0.01 

0.50 

0.46 

0.47 

0.04 

0.00 

aso 

a88 

Wilmington,  N.  C  . . . 
Charleston.  S.  C 

1.00 
0.00 

L05 
0.60 

0.89 
0.81 

0.83 
0.70 

0.0.) 
0.58 

0.52 
0.46 

0.47 
0.41 

0.60 
0.02 

0.72 
0.53 

0.71 
0.65 

a*7o 

'0.79 

Augasta,Ga 

0.98 

0.02 

0.81 

0.71 

0.50 

0.50 

0.45 

0.45 

0.54 

0.68 

0.75 

asi 

Savannah,  Ga 

aoo 

0.83 

0.75 

0.59 

0.54 

0.45 

0.40 

0.53 

0.48 

0.63 

a  73 

a  74 

Jacksonville,  Fla 

0.84 

0.71 

0.07 

0.60 

0.60 

0.40 

0.87 

0.44 

0.45 

0.58 

a  63 

a  64 

Florida  Pcninsola: 

Cedar  Keys.  Fhi 

0.74 

0.,')7 

0.55 

0.62 

0.42 

0.34 

a  31 

0.43 

0.38 

0.52 

a54 

a  57 

Key  West,  Fla 

Sanford,  hlik 

0.47 

0.38 

0.39 

0.38 

0.34 

0.27 

0.23 

0.28 

0.26 

0.37 

aso 

ass 

0.09 

0.G4 

0.50 

0.55 

0.46 

a  31 

a82 

0.34 

0.36 

0.47 

a  46 

ais 

Eastern  Qnlf  States: 

Atlanta,  Ga 

0.88 
0.77 

0.83 
0.78 

0.72 
0.65 

0.61 
0.58 

a  53 
0.48 

0.46 
0.39 

0.30 
0.35 

0,41 
0.46 

0.51 
0.48 

0.50 
0.51 

aoo 
a66 

a7< 

Ponsacola,  Fla 

•  a72 

Mobile,  Ala 

0.78 
0.82 

U.83 
0.79 

0.68 
0.70 

0.62 
0.04 

0.49 
0.67 

0.38 
0.41 

0.33 
0.36 

0.44 
0.44 

0.48 
0.48 

0.63 

asG 

a7i 
a  71 

an 

Montgomery,  Ala  . . . 

a77 

Vicksbarg,  Miss.... 

0.88 

0.92 

0.74 

0.74 

0.51 

0.39 

0.31 

0.38 

0.45 

0.50 

a77 

a  01 

New  Orleans,  La  ... . 

0.77 

0.81 

0.68 

0.62 

0.44 

0.34 

0.28 

0.36 

0.40 

a  49 

a  73 

a77 

Western  Gulf  States : 

Shrevepert,  La '. 

0.90 

0.94 

0.78 

0.76 

0.54 

0.40 

a  31 

0.36 

0.40 

aeo 

a86 

aoB 

Fort  Smith,  Ark 

1.10 

LOO 

0.85 

0.83 

0.60 

0.45 

0.41 

a38 

0.45 

0.72 

a96 

1.07 

LitUe Book,  Ark.... 

0.90 

0.96 

0.85 

0.82 

0.68 

0.45 

0.36 

a  30 

0.45 

a63 

a87 

L08 

Galveston,  Tex 

0.77 

0.81 

0.71 

0.69 

0.48 

0.83 

0.27 

0.83 

0.87 

o.se 

a  77 

0.& 

Indianola,  Tex 

0.78 

0.85 

0.71 

0.73 

0.48 

0.33 

a27 

0.31 

0.87 

0.62 

a  80 

a88 

Palestine,  Tex 

0.82 

0.88 

0.82 

0.73 

0.53 

0.40 

0.84 

0.32 

0.40 

0.66 

a8a 

ao7 

San  Antonio,  Tex — 

0.71 

0.92 

0.08 

0.66 

0.52 

0.86 

0.80 

0.31 

0.40 

ass 

a7o 

a88 

Rio  Grande  Valley : 

Brownsville,  Tex  — 
Rio  GrandeCity,  Tex. 

0.73 

0.80 

0.67 

0.67 

0.42 

0.30 

0.24 

0.42 

0.32 

a  48 

a75 

a  84 

0.79 

0.8G 

0.72 

a68 

0.52 

0.33 

0.28 

0.38 

0.38 

a  51 

a87 

ass 

Ohio  Valley  and    Ten- 

nessee: 

Chattanooga,  Tenn . . 

0.02 

0.91 

0.82 

0.6K 

0.57 

0.48 

0.41 

0.40 

0.50 

a  63 

a  78 

asi 

Kaoxville,  Tenn 

0.00 

0.02 

0.79 

Cl68 

0.59 

0.50 

0.42 

0.40 

0.49 

a  64 

a  75 

a87 

Memphis,  Tenn 

1.01 

LOO 

0.81 

0.81 

0.60 

a40 

0.80     0.42  1 

a45 

aoo 

a86 

LOS 

Nashville*  Tenn 

L04 

0.07 

a85 

0.77 

0.63 

0.50 

0.41 

a41  1 

0.49 

a6o 

a  78 

ass 

>  StsUon  doAed  December  31, 1885. 


*  Station  closed  October  81. 1885. 
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Mean  range  of  atmoepkerio  pressure  at  siaUons  of  the  Signal  Service,  <f*o.— Continued. 


DistrioU  and  sUtioiit. 


Ohio  Vftller  and    Ten- 


lo   vailer 
lesaeo— Coi 


neeeee    Continned : 

LoaisTiMe.  Ky 

Greonoastle,  Ind 

lodianapoUs,  Ind.... 

Cioohinati,  Ohio 

Colambna,  Ohio 

PitUbarfT,  Pa 

Lower  L^ea : 

BoffoloyK.  Y 

Oswego,  V,  "Y 

Rochester,  N.  Y 

Brie,  Pa 

Cleveland,  Ohio 

Sandnsky,  Ohio  ^ . . . . 

Toledo,  Ohio 

Detroit,  Mich 

Upper  Lakes ; 

Alpena.  Mich 

Escanai>a,  Mich 

Grand  Haven,  Mich . 

Mackinaw  City,Mioh. 

Marqnette,  Mich  — 

Portuaron,  Mich  . . . 

Chicago,  111 

Milwankee,  Wis 

Dnlath,  Minn    

Upper  MistdssipniValley : 

Saint  Panl,  Minn .... 

La  Crosse,  Wis 

Davenport,  Iowa  — 

Dos  Moines,  Iowa  . . . 

Dabuque,  Iowa 

KooknV  Iowa. ....... 

Cairo,  Dl    

Sprincfleld,  111 

Saint  Xoais,  Mo 

Missouri  Valley : 

Leavenworth,  Kans . . 

Omaha,  Ncbr 

ISonnott.  Fort,  Dak.i . 

Ilaroii.Dak 

Yankton,  Dak 

Extreme  Northwest : 

Aloorhend,  Minn 

Saint  Vinc-ont,  Mluii 

Bismarck,  Dak 

Buford,  Fort,  Dak  .. 

Totten.  Fort,  Dak .... 
Korth«4rn  Slope : 

Assinabolnp,  Fort, 
Mont 

lien  ton,  Foi-t,  Mont  . . 

Coster,  Fort,  Mont . . . 

Helena,  Mont 

MajiinniM,  Fort.  Mont 

I*opIar  Bivor,  Mont . . 

Shaw,  Fort,  Mont . . . 

Deadwoo<l,  Dak 

Cheyenne,  Wyo 

North  Platte,  Nebr... 
Middle  Slope: 

Denver.  Colo 

Pike's  Peak,  Colo.... 

West  Las   Animas, 
Colo 

Dodfse  City,  Kans 

Elliott, Fort, Tes  .... 
Sonthem  Slope : 

Sill,  Fort,  Ind.T 

Concho.  Fort  Tex.*  . . 

Davis,  Fort,  Tex 

8tookton,Fort,Tex . . . 
Southern  Plateau : 

Santa  F6,N'.Mox.... 

£1  Paso,  Tex 


I 


Inch, 
LOS 
L33 
MS 

1.15 
1.14 
L20 

L80 
1.84 
L80 
1.24 
L21 
1.20 
1.21 
L24 

1.82 
1.25 
1.23 
L37 
1.20 
1.26 
1.21 
1.20 
1.23 

1.17 
1.20 
1.20 
L15 
1.21 
1.14 
Lll 
1.18 
1.00 

1.14 
1.10 
1.14 
1.20 
1.16 

1.25 
LU 
1.2a 
1.23 
1.10 


1.08 
1.17 
0.84 
0.80 
0.70 
1.20 
0.00 
0.80 
0.73 
0.90 

0.80 
0.74 

0.78 
1.08 
0.03 

1.00 
0.77 
0.68 
0.75 

0.63 
0.04 


Inch. 

L06 

L14 

LIO 

L13 

1.11 

L13 

L25 
1.80 
L27 
L24 
1.22 
1.20 
LIO 
L41 

L32 
L27 
L23 
L17 
LSI 
LSI 
L16 
L27 
L29 

L14 
LIO 
L13 
Lll 
Lll 
1.08 
LOO 
L13 
LOO 

LOO 
LIO 
L12 
LIO 
LOO 

L14 
L3U 
L14 
1.10 
1.00 


L07 
1.14 
0.80 
0.80 
0.80 
1.05 
0.09 
0.81 
0.74 

aoo 

0.07 
0.75 

a07 
LOd 

a  82 

0.03 
0.84 
0.55 
0.73 

0.70 
0.64 


3 


Inch. 

0.03 

0.86 

LOl 

0.97 

0.08 

LOS 

L12 
L17 
L14 
L12 
L07 
Lll 
LIO 
L15 

L24 
L2S 
L20 
L28 
L24 
L17 
LIO 
L22 
L25 

L18 
L18 
LIS 
LIO 
L17 
LOO 

ao4 

LOS 
L02 

L21 
L12 
L05 
1.16 
L17 

1.13 
L26 
1.12 
L07 
LOl 


0.80 
0.08 
0.70 
0.84 
0.74 
0.02 
0.78 
0.R4 
0.74 
0.95 

0.80 
0.70 

0.87 
LIO 
0.78 

0.84 
0.74 
0.54 

ac4 

0.50 

a  51 


• 

i 

• 

1 

* 

1 

• 

1 

< 

1 

Inch. 

IncK, 

Inch, 

Inch. 

Inch. 

Inek, 

a  78 

0.66 

0.67 

a  44 

a  48 

a  56 

a  74 

0.00 

0.60 

0.37 

a  CO 

a  72 

0.80 

0.71 

0.62 

a48 

a  53 

aoo 

0.81 

0.70 

0.60 

a48 

a  63 

ass 

0.85 

0.71 

0.63 

a  49 

aso 

aoo 

0.86 

a  75 

5.06 

a  47 

a  58 

a  03 

0.06 

0.76 

0.72 

a  55 

a  69 

a  78 

0.09 

a  76 

0.77 

a  66 

a  71 

aso 

0.08 

0.75 

a74 

a  56 

a  71 

a  73 

0.04 

0.76 

0.70 

aso 

a  66 

a  72 

0.89 

0.77 

0.70 

0.51 

a  60 

a  06 

0.94 

0.76 

aoo 

a  47 

a  63 

aoo 

0.88 

0.75 

a  71 

a  51 

a  01 

a  71 

0.95 

0.80 

a  72 

a  52 

a  04 

a  75 

LOO 

0.85 

a  70 

a  62 

a  72 

a  89 

L02 

0.83 

a  80 

a  66 

a  71 

a  88 

0.08 

0.80 

a  71 

a  53 

a  61 

a  70 

LOS 

0.79 

a  78 

a  07 

aso 

LOO 

L03 

0.84 

a  78 

a  70 

a  75 

a?8 

0.06 

0.70 

a  72 

a  55 

a  68 

a  77 

0.01 

0.79 

a  72 

a  53 

aso 

a  76 

L04 

0.82 

a  75 

aso 

a  62 

a84 

LOS 

0.82 

a  72 

a  07 

a  74 

a  01 

LOO 

0.70 

a74 

a66 

a  66 

a  80 

0.07 

0.78 

a  71 

a  60 

a  61 

aso 

0.80 

0.79 

a  66 

a52 

a  64 

a  74 

0.03 

0.78 

a  70 

a  55 

a  64 

a  76 

0.02 

0.77 

a  70 

a  55 

a  67 

a  79 

0.84 

0.75 

a  62 

a  52 

a  50 

a  66 

0.86 

0.63 

a  52 

a  42 

a  42 

a  52 

0.84 

0.72 

a  63 

a  49 

o.st 

a  63 

0.87 

a  70 

a  58 

a  46 

a  47 

ass 

0.06 

0.73 

a  62 

aso 

a  40 

a  64 

1.02 

0.78 

a  68 

a  67 

a  56 

a  73 

L02 

ass 

a  72 

a  67 

a  71 

a  74 

LOS 

0.84 

a  70 

a  66 

a  71 

a  81 

L04 

0.81 

a  70 

a  66 

a  65 

a  78 

0.05 

0.83 

a  68 

a68 

a  78 

a  84 

1.02 

0.80 

a  08 

a  77 

a  83 

a  94 

LOl 

0.82 

a  72 

a  67 

a  71 

a  84 

0.00 

0.75 

a  72 

a  70 

a  67 

a  82 

0.80 

0.00 

a  70 

a  68 

a  70 

a  87 

0.08 

0.06 

a  52 

a  64 

a  60 

a  77 

LOO 

0.62 

a63 

aso 

a  61 

a  78 

0.76 

0.57 

a  53 

a  56 

aoo 

a  74 

0.82 

0.02 

a  93 

aoo 

a  53 

a  72 

0.81 

0.64 

a  57 

a  40 

a  60 

a  04 

0.08 

0.76 

a  70 

a  68 

a  53 

aso 

0.90 

0.66 

a  58 

a  53 

aoo 

a  72 

0.83 

0.66 

aoi. 

a  53 

ass 

aoo 

0.83 

0.63 

a54 

a  43 

a  43 

a  01 

LOl 

0.80 

a  63 

ass 

aso 

a  72 

0.89 

0.70 

a50 

a  45 

a  45 

a  66 

0.74 

0.56 

a  51 

aso 

ass 

a  64 

L02 

0.77 

a  50 

a46 

aso 

a  08 

1.09 

0.78 

a  63 

a  51 

a  51 

a  73 

0.84 

0.62 

a  46 

ass 

aso 

a  63 

0.82 

0.66 

a  52 

ass 

aso 

a  54 

0.77 

0.58 

a  44 

a  33 

a  82 

0.48 

0.53 

0.43 

a2o 

a  23 

a  24 

a  34 

0.66 

0.51 

a  36 

a  20 

a  29 

a  42 

0.63 

0.48 

aso 

a  28 

aso 

a  42 

0.56 

0.50 

a  34 

a  34 

a  32 

a  45 

I 

o 
O 


Inch. 

a  07 
a  71 
a  10 
a  .'2 
a  77 
aso 

a  02 
a  08 
a  94 

0.80 

a  85 
a  84 
a  86 
aoo 

a  07 

L06 

a  03 

LOS 
LOU 

a  03 
aoo 
a  07 

Lll 

L05 
L08 

a  03 
a  02 

0.06 

ass 

0.08 

a  84 
a  78 

ass 
a  86 
a  01 
a  95 
a  03 

L03 
LOO 

a  04 
a  87 
a82 


aso 
a  83 
ass 
a  75 
a  76 
a  70 
a  70 
a  75 
a  07 

0.83 

a  73 
a62 

a  70 
a  82 
a  06 

a  65 
a  68 
a  48 
ass 

a  47 
a  52 


Inch. 

ass 
a  84 
aoo 
ass 
a  02 
a  01 

LOl 
L04 
LOS 
0.06 

a  94 

LOO 
LOO 
L02 

LOO 
LIO 
hOZ 
LOS 
LIO 
LOS 
LOS 
LOO 
LOO 

L04 
LOO 
L04 
LOl 
L07 
LOO 

aso 

0.08 

aoo 

L02 
LOl 
L02 
LOO 
LOS 

LOS 
LIO 

aoo 

L04 

a  76 


a  07 
a  05 
aoo 
a  82 
a  68 
a  78 
ass 
a  77 
a  76 
aoo 

0  80 

a  84 
a  87 

L02 

a  84 

a  04 
a  77 
aso 
a  70 

a  65 
a  70 


M 


P 


Inch. 
L07 
L20 
1.13 
LOO 
a  05 
LOO 

L20 
1.25 
LOS 
L16 
L14 
LIS 
L16 
LIS 

1.23 
L20 
L21 
L24 
L19 
L17 
L18 
L25 
L17 

L14 
L19 
L23 
LIS 
L22 
L20 
L14 
L20 
L2o 

L14 
Lll 
LIO 
L17 
LOO 

L17 
LIO 
L16 
L19 
LOS 


LIS 
L14 
LOO 
LOl 
a  92 
a  OS 
LOO 

a  04 
ass 
a  07 

a  02 
a  81 

a  93 
aoo 
a  07 

LOO 

ass 
a  61 
a  04 

a  77 
a  (8 


>  Station  closed  November  80, 1885. 


*  Stotion  closed  September  15, 1885. 
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Mean  range  of  aimo9pkeHo  preuureat  siattana  of  the  Signal  Service,  ^le.— ConUnoed. 


Diitriets  and  stationa. 


Soathern  Plateau— Con  *«] : 

jipaeh^,  Fort,  Aria . . . 

Oranft,  Fort,  Aria 

Preaoott,  Aria 

XhomaB)iFort,  Aria. . . 

Tmna^  Aria  ....•••.. . 
Middle  Platoan: 

Winncmncoa,  Nov . . . 

SaltLake  City,  Utah. 
KorUiem  PlAtoau: 

BoiaeGity.Iflalioi... 

Lewlaton.  Idaho* 

Dayton,  Wash.* 

Spokane  Falla,  Waab 
North  Paoiao  Coant : 

Caaby,  Fort.,  Waah. . 

Olympia,  Waah 

Tatoosh  lalaud, 
Waih 

Portland,  Orc^ 

Soaeborff.OroK ...  . 
Middle  PacltioCoaat: 

Cape  Mendocino,  Cal 

BeaBinfl;Cal 

Sacramento,  Cal 

San  Franeiaco,  Cal . . , 
South  Paciflo  Cooat: 

Loa  AnjEoloa,  Cal — 

SaaDiego»Cal 

Alaaka  Stationa: 

Saint  Michael'a,  Fort 

Unalaska 

B«Airln2'a  la  land, 
BehringSaa 


0 

i 


Inch. 
0.54 

aco 
a  GO 
ac4 

Oi78 

0.7G 
0.87 

1.00 
1.10 
1.09 
1.06 

0.08 
1.20 

1.02 
1.34 
1.16 

0.17 
0.79 
0.72 
0.70 

0.00 

aoo 

1.70 
1.88 
1.04 

1.83 


i 


Inch, 

0.G3 

0.C1 

0.C8 

0.C9 

0.07 

0.78 
0.02 

a06 
1.13 
1.02 
1.07 

0.08 
1.10 

1.14 
1.04 
0.05 

0.08 
0.83 
U.78 
0.73 

asG 

a  40 

1.62 
1.58 
l.Ot 

L85 


Inch. 

0.52 

0.10 

0.63 

0.48 

0.49 

0.83 
a84 

0.00 
0.05 
0.00 
0.01 

0.83 
1.03 

0.82 
0.U8 
0.03 

0.P6 
0.70 
O.GO 
O.Gt 

0.40 
0.38 

1.33 
1.14 
1.61 

1.17 


^ 
< 


Inch. 

0.40 

a  40 

0.^3 

O.CI 

0.51 

0.58 
0.75 

0.76 
0.70 
6.68 
0.70 

0.08 
0.77 

0.G9 
0.77 
0.75 

0.73 
0.63 
0.61 
0.59 

0.41 
0.86 

1.85 
1.18 
1.40 

1.14 


I 


Inch. 

0.34 

0.80 

0.88 

0.3ri 

0.37 

0.53 
0.58 

^.70 

^.77 

0.66 

0.70 

0.60 
0.C0 

0.66 
0.C8 
0.61 

0.46 
0.48 
U.41 
0.80 

0.30 
0.20 

1.04 
1.00 
1.84 

1.18 


I 


Inch, 

0.80 

0.26 

0.83 

0.3.» 

asj 

0.48 
0.48 

0.56 
0.54 
0.40 
0.60 

0.48 
0.68 

0.50 
0.60 
0.62 

0.46 
0.48 
0.43 
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APPENDIX    32. 

Mean  daily  range  of  temperature  {in  degreee  FakrenIM),  at  etaUane  of  the  Signal  Serviee, 

United  States  Army,  for  eaeh  month  of  the  year  1885. 

[Tho  daily  range  is  the  difference  between  the  higheet  and  lowest  tempeeataret,  as  reoovded  by  self- 
registering  thermometers ;  the  mean  daily  is  obtained  by  dividing  the  son  of  the  daily  by  tiie  niuiber 
of  days  in  the  month.] 


t 

Districts  and  stations. 

• 

>^ 

• 

• 

5 

ti. 

►» 

1 

1 

1 

0      October. 

1 

1 
i 

a 

1 

£ 

1 

P« 

d 

1 

0 

1 

il 

p 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

KewEnglsnd: 

£astoort,Me 

Portland,  Me 

17.0 

14.5 

12.6 

12.2 

14.8 

16.7 

IflLi 

14.4 

14.5 

10.6 

1&8 

15. 6 

17.2 

l&O 

1&5 

16.  ^ 

17.1 

10.0 

1&5 

14.5 

1&8 

14.0 

11.0 

l&O 

Mount  Washington, 

N.  H. 

24.4 
18.9 

22.7 
16.1 

1&5 
l&l 

15.4 
17.8 

14.0 
15.0 

14.8 
2L0 

1L2 
IflLO 

11.4 
14.5 

l&O 
l&l 

11.5 
14.8 

11.8 
1&6 

17.4 

Boston,  Mass 

l&O 

BlookIsland,KI... 

17.4 

18.8 

14.1 

14.6 

11.0 

18.2 

12L7 

10.6 

U.5 

10.6 

9.1 

12.6 

Kew  Haven,  Conn .... 

ie.7 

16.7 

17.6 

10.6 

17.0 

90.0 

l&O 

1&4 

2a9 

17.9 

1&9 

1&3 

Kew  London,  Conn.. 

15.6 

1&6 

15.4 

17.6 

14.0 

17.0 

l&l 

1&6 

17.8 

l&l 

12.6 

14.1 

Middle  AtlanUo  SUtes : 

Albany,  K.  Y 

New  York  City 

ia7 

20.3 

17.4 

22.2 

21.1 

21.6 

20.9 

17.8 

2L1 

17.4 

12.2 

14.5 

16.4 

15.3 

15.4 

18.6 

15.0 

18.0 

16.1 

ILt 

1&8 

14.9 

1&3 

l&O 

Philadelphia,  ^0 

15.0 

(») 

1&5 

20.5 

J17.8 
'2.2 

10.6 

10.3 

1&7 

1&4 

1&7 

1&9 

l&l 

AthuitioCity,K.  J.. 

16.0 

15.0 

18.9 

15.4 

15.6 

12.7 

1&9 

1&2 

1&8 

14.0 

l&l 

BamesatCitv,  K.  J.*. 
Cape  May,  iT.  J.  *.... 

1&4 

15.7 

15.7 

16.2 

12.7 

15.8 

12.2 

1&2 

12.4 

1&4 

11.2 

14.6 

1&4 

16.2 

10.7 

14.0 

11.7 

18.1 

11.7 

12.5 

1&4 

12.9 

(*) 

{*) 

Sandy  Hook,  K.J... 
Baltimore,  Md 

15.7 

14.0 

14.5 

17.3 

13.7 

18.8 

16. 1 

13.2 

l&O 

1L8 

1L5 

l&l 

15.2 

18.7 

14.2 

18.6 

15.4 

18.0 

17.0 

1&7 

]&8 

1&8 

1&2 

l&O 

Washington  City .... 

17.8 

14.8 

16.6 

21.7 

17.8 

10.1 

Iftil 

17.6 

1&9 

17.4 

1&4 

1&7 

Cape  Henry,  Va 

Chinooteague,  Va — 

17.0 

14.4 

16.4 

l&O 

18.6 

18.5 

16.4 

13.8 

14.0 

12.8 

1&8 

1&9 

16.4 

15.2 

15.8 

17.5 

15.0 

15.0 

14.7 

13.2 

14.0 

l&l 

l&l 

l&O 

I^nohbnrg,  V a 

SorfoUc-Vlk 

17.0 

16.6 

17.4 

23.8 

1&8 

10.0 

20.2 

1&4 

10.8 

21.6 

17.9 

1K3 

16.1 

15.1 

16.0 

1&3 

14.7 

17.4 

l&O 

14.2 

14.7 

14.4 

14.4 

17.8 

South  Atlantic  States : 

Charlotte,  ir.  C 

17.0 

16.7 

18.7 

21.6 

1&5 

17.1 

17.0 

1&4 

1&8 

17.2 

1&6 

2&« 

Hatteras,N.C 

16.5 

14.4 

14.2 

14.1 

10.8 

10.7 

10.0 

9.8 

&6 

10.4 

12.6 

118 

Kitty  Hawk, K.C.... 

16.1 

15.0 

14.0 

15.8 

13.6 

14.6 

1&7 

11.6 

10.6 

1&5 

1&4 

1&8 

Macon,  Fort.  N.  C... 

14.2 

14.1 

14.5 

13.6 

10.3 

0.5 

&8 

9.7 

0.9 

11.3 

13.6 

14.2 

Smithville.K.C 

14.2 

14.6 

1&5 

15.8 

14.6 

14.0 

12.7 

13.9 

12.0 

l&l 

1&3 

l&O 

Wilmington,  K.  C . . . . 
Charleston,  8.  C 

10.0 

17.4 

1&8 

18.7 

16.4 

16.0 

15.7 

15.0 

1&2 

17.4 

19l6 

20.4 

14.8 

14.5 

16.3 

15.1 

13.7 

13.6 

13.3 

12.6 

10.7 

1&4 

1&4 

17.3 

Auffusta.  Qa. . ....... 

10.6 
15.0 

20.8 
17.1 

22.0 
17.2 

26.1 
16.8 

22.5 
14.0 

22.6 
14.8 

21. 7 
14.7 

21.6 
l&O 

17.7 
10.3 

21.8 
1&6 

26.1 
1&6 

2&6 

JaoksonyiUe,  Fla 

1&6 

14.5 

10.6 

16.2 

17.3 

1&5 

14.7 

l&O 

14.4 

12.6 

14.4 

17.8 

1&5 

Florida  Peninsula : 

Cedar  Keys.  Fla 

12.2 

12.7 

11.0 

13.5 

11.0 

n.4 

11.0 

11.6 

11.0 

12.7 

1&7 

l&O 

Key  West.  Fla 

8.7 

0.4 

0.7 

0.0 

10.6 

10.8 

ILO 

1L6 

ia8 

7.9 

&0 

&1 

Sanf ord,  Fla 

l&l 

20.1 

20.8 

20.0 

1&5 

17.4 

19.2 

1&8 

1&8 

l&S 

19.8 

]&4 

Eastern  Gulf  States: 

Atlanta,  Ga 

l&O 
15l2 

17.8 
16.6 

18.1 
15.7 

10.0 
12.0 

15. 8 
18.8 

14.8 
14.6 

16.4 
14.0 

14.9 
1&8 

12.6 
11.0 

1&9 
l&l 

l&O 
1&7 

17.5 

Pensaoola,  Fla 

17.3 

Mobile,  Ahfc 

17.4 
18.3 

l&l 
20.2 

19.0 
2L7 

15.0 
21.2 

16.0 
10.2 

17.2 
20.3 

1&7 
19.8 

1&6 
17.6 

14.8 
l&O 

19.2 
1&8 

l&O 
1&5 

1&9 

Montgomery,  Ala 

2&6 

Vioksbnrg.  Miss 

ia5 

10.5 

20.4 

10.0 

18.7 

21.1 

20.1 

1&7 

1&8 

1&6 

2&1 

».Z 

Kew  Orleans,  La 

13.5 

15.0 

14.5 

1L4 

11.0 

12.8 

1&8 

14.6 

l&l 

1&4 

1&4 

1&6 

Western  Gnlf  States : 

Shreveport,  La 

Fort  Smith,  Ark 

las 

20.0 

20.8 

2L1 

20.8 

22.1 

21.2 

2t0 

17^ 
2017 

2&9 

2L4 

1&7 

18.8 

24.7 

22.8 

21.4 

10.0 

1&2 

20.1 

,20.6 

14.6 

2&« 

21.0 

Little  Bock,  Ark  .... 

15.5 

21.2 

2L9 

20.1 

18.2 

17.4 

1&8 

'I&6 

l&l 

l&I 

20l7 

l&l 

Galveston,  Tex. 

13.3 

14.4 

12.8 

9.0 

10.8 

8.8 

10.6 

9.6 

&9 

11.4 

XL  8 

12.4 

Indianola,  Tex 

13.1 

14.5 

12.1 

12.1 

18.0 

14.1 

16.1 

1&5 

1L4 

1&8 

14.8 

1&7 

Palestino,  Tex 

16.5 

21.0 

10.6 

1&6 

1&4 

1&6 

(•) 

1&5 

1&8 

90.6 

1&7 

1&3 

San  Antonio,  Tex 

(*) 

<*) 

l&O 

18.0 

17.6 

20.8 

1&5 

211 

1&4 

24.8 

94.8 

216 

Rio  Grande  YaUey  : 

Brownsville.  Tex 

16.7 

17.8 

13.5 

14.8 

15.8 

16.4 

l&O 

l&l 

l&l 

17.1 

10.6 

9&2 

Rio  Grande  City,  Tex. 

17.3 

17.4 

15.7 

20.0 

17.1 

20.2 

22.8 

28.0 

17.2 

17.6 

2LS 

90L9 

>  Record  incomplete. 

*  Station  closed  October  81, 1885. 


s  Station  closed  December  31, 188& 
*  Ko  record. 
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Mean  dailif  range  of  temperature  (in  degreee  Fahrenheit)^  (fo. — Continued. 


Districts  and  stations. 


Ohio  Valley  and  Tennes- 


Ghattanooga,  Tenn  .. 

Knoxville,  Tenn 

Kempbis,  Tenn 

NsshTille,  Tenn 

lioaisville,  Ky 

Greencastle,  Ind 

Indianapolis,  Ind 

Cincinnati,  Ohio 

Colambns,  Ohio 

PittsbniK,  Pa 

Lower  Lakes : 

Baflao,K.T 

Oswego,  K.Y 

Keohester.N.T 

Erie,  Pa 

Cleveland,  Ohio 

Sandoskv,  Ohio 

Toledo,  Ohio 

Detroit,  ICieh.  ....*•• 
Upper  Lakes : 

Alpena,  Mioh 

Esoanaba,  Hlch 

Grand  HaTsn,  Mich. . 

Mackinaw  City,  Mich 

Marquette,  Mich 

Port  Huron,  Mich. . . . 

Chicago.  HI 

Milwaukee.  Wis 

Duluth.  Minn 

Upper  Mississippi  Yal- 
lev  * 

Saint  Paul,  Minn  — 

La  Crosse,  Wis 

Davenport,  Iowa 

Des  Moines,  Iowa. . .  • 

Dnbnque,  Iowa 

Keokuk.  Iowa 

Cairo,  111 

Springfield,  HI 

Saint  Xonis,  Mo 

Missouri  Valley: 

Lamar,  Mo 

Leavenworth,  Kans.. 

Omaha,  Nebr 

Valentine.  Nebi 

Bennett,  Fort,  Dak.*. 

Huron,  Dak 

Yankton,  Dak 

Extreme  Nortiiwest : 

Moorhead,  Minn 

Saint  Vincent  Minn . 

Bismarck,  Dak 

Buford,  Fort,  Dak  . . . 

Totten,  Fort)  Dak. . . . 
Korthem  Slope : 

Assinaboinek  Fort. 
Mont  ••■•«>..*.••>. 

Benton,  Fort,  Mont . . 

Custer,  Fort,  Mont  .. 

Helena^Mont 

Maginnis,     Fort, 
Mont 

Poplar  River,  Mont  . 

Shaw,  Fort,  Mont . . . . 

Deadwood,  Dak 

Cheyenne,  Wyo 

North  Platte.  Kebr.. 
Middle  Slope: 

Denver JSolo 

Pike's  Peak, Colo.... 

West  Las  Animas, 
Colo 

Concordia,  Kans 


t? 

0 

s 


18.1 
17.3 
18.8 
19.2 
ie.0 
1&8 
14.8 
1&5 
15.7 
17.1 

13.9 
17.6 
15.8 
14.2 
15.0 
15.2 
15.5 
16.6 

15.5 
J6.5 
13.7 
15.6 

(») 
16.0 

17.8 

16.4 

20.6 


10.0 
17.4 
17.4 
17.3 
19.6 
17.2 
15.8 
16.6 
19.3 


I 


20.2 

18.4 


24.0 
20.8 

17.5 

21.6 
2a  8 
20lS 
24.4 
2a9 


19.6 
25.0 
20.5 
17.8 

las 

23.7 
20.0 

las 

23.5 
21.2 

23.0 
11.7 

8L3 


10.6 
19.2 
16.7 
20.1 
18.4 
20.8 

ia4 

19.0 
20.3 

ia3 

17.9 
19.3 

las 
las 
lao 
ia4 

19.2 
20.6 

20.0 
20.9 
16.9 
19.7 

(») 
20.7 

lao 

17.8 
21.0 


20.6 
17.3 
19.3 

ia7 

20.7 

lai 
lao 

19.6 
2L4 


19.6 


20.9 
21.6 

17.7 

21.7 
21.7 
2a  6 
21.2 
17.9 


10.0 
22.1 
22.1 
15.7 

17.8 
2L9 
20.3 
17.4 
20.2 

ia6 

23.4 
ILl 

29.3 


lao 

21.0 
17.0 
21.1 

ia5 

17.1 
14.9 

ia2 
ia4 

17.1 

15.4 
14.2 

lai 
las 
lao 

15.3 

lao 
ia4 

2a2 

24.6 

ia7 

24.5 
19.8 

las 

15.3 
14.0 
19.1 


20.2 
15.6 
1&3 

lao 

17.0 

ia7 
ia4 
ia7 

17.8 

«21.2 
21.2 
10.3 


23.7 
22.0 
2L5 

21.0 
23.1 

ia2 

10.2 

ia2 


'23.0 
25.5 
2a  4 

lao 

21.0 
19.  i 
25.9 
15.7 
21.3 
22.8 

2a6 

10.6 
81.4 


lao 

22.3 

lao 

19.0 
20.3 
17.8 
17.8 
19.3 
20.1 
21.9 

lao 
lao 

19.4 
17.2 
17.1 

ia4 

17.1 
17.3 

lai 
lao 

14.4 
17.6 
17.4 

lae 

15.2 
14.6 

ia6 


20.3 
14.2 

lai 
ia8 
las 
ia7 

17.9 
17.2 
17.5 

21.0 

17.8 
17.8 


2a  6 
25.3 
24.1 

20.1 
20.2 
20.8 
24.0 
19.6 


24.6 
'-^7.5 
2a  4 

ia8 

22.6 

2a  0 
2ao 

17.5 
21.8 
22L1 

23.0 
10.4 

30.1 


1? 

g 

» 

0 

0 

O 

ia8 

laa 

10.9 

las 

20.6 

las 

lai 

lai 

ia8 

21.0 

ia9 

ia2 

20.2 

21.0 

19.3 

]a5 

20.5 

10.6 

20.0 

24.1 

15.7 

14.8 

17.2 

ia5 

19.9 

23.8 

las 

ia9 

lao 

lao 

ia4 

20.7 

las 

ia6 

ia9 

19.4 

ia9 

23.1 

17.0 
17.2 
17.0 
17.4 
17.2 
14.5 
17.5 
17.5 


22.9 
17.8 
19.8 
23.2 
21.3 
19.4 
15.8 
17.9 
15.9 

19.4 
19.8 
19.1 


24.9 
25.2 
23.2 

23.3 
22.1 
23.6 
2aG 
23.9 


20.0 
30.2 
82.8 
22.2 

2a  1 
30.0 
2a  4 
20.3 
24.3 
19.5 

22.5 
9.8 

2ai 

»21.5 


2a  6 

ia7 

20.0 
21.8 
2a  6 

ia4 
2a  4 
lao 


22.2 
17.0 

ia2 

20.8 
19.4 
17.5 
15.8 
17.8 
15.9 

17.4 

ia6 
ia3 


23.1 
22.6 
21.0 

23.0 
23.0 
23.1 
2a  0 
23.0 


2a  1 

2ai 

21.8 

23.0 
27.5 
25.7 

ia8 

2a  5 
22.3 

27.2 
11.6 

80.2 
22.2 


17.6 

las 
lao 

17.2 
22.4 

lao 
2a  8 
ia7 
ia7 

22.0 

15.0 
15.3 

2a  5 
lai 
ia4 
lao 

17.5 

lai 
lao 

17.1 

ia7 

10.1 

2a  2 
ia9 

15.3 

ia7 

17.5 


20.4 

ia5 
ia4 

2L8 

2a  3 
lao 

14.7 

lao 
ia2 

ia7 
2a  0 
lao 


S. 

0 


24.0 
23.0 
21.2 

22.0 
20.2 
21.7 
25.4 
21.0 


26.2 
20.1 
32.4 
24.7 

24.4 
2a8 
2a  9 

2a  9 

27.5 
21.6 

27.0 
13.0 

28.4 

lai 


lao 

17.0 
17.0 
17.8 

las 
las 
2a  0 
ia3 

17.2 

lao 
lac 

12.8 
17.3 

ia4 
lai 
ia2 

15.4 
14.8 

las 

15.0 
13.5 

ia6 
lao 
lao 

11.9 
14.3 
14.7 


17.7 
14.5 

lao 
ia4 
ia4 

20.1 

ia2 

17.2 
15.7 

lao 
2a  4 

17.3 


§ 

Pi 

o 

OQ 


21.6 

2a  1 

ia2 

24.7 
24.3 
22.3 
24.8 
22.2 


27.3 
3a  3 
31.7 
2a8 

24.3 
2a6 
2a  1 

2a  7 
2a  1 

19.1 

2a3 

11.2 

29.2 
28.0 


14.9 
]a9 
16.5 
17.0 
17.1 
15.0 
2a  1 

ia8 

20.5 
22.1 

15.7 

las 

21.2 
17.0 
17.1 
17.3 

lao 

15.0 

la? 

17.5 
14.8 
14.8 
20.0 

lao 

12.3 

ia2 

17.0 


22.3 

ia3 

17.0 
17.4 

lai 

17.2 

ia7 
ia2 

14.3 
99.2 

las 

17.1 
S25.9 
24.6 
24.3 
22.7 

2a2 

1*7.7 

2ao 
sas 
2a4 


28.4 
29.8 

sao 

24.8 

27.0 
34.5 
2a  5 
21.0 
2a  4 
22.6 

2a4 

12.0 

88.0 
21.3 


I 


las 
2a  0 
lao 
ia4 
ia4 

15.0 

ia7 

17.8 

ia7 
ia7 

lao 

14.2 

ia7 
ia4 

1.5.6 

las 

14.4 
14.4 

14.4 

ia3 

15.3 
11.8 
13.6 
14.6 
12.1 
13.5 
14.1 


ia8 

15.1 

ia6 
lai 

17.5 

las 

15.9 
17.2 

ia3 

23.6 
21.7 
ia6 
2a  5 

3a  7 
2ao 

24.6 

2ao 

22.0 
25.5 
2a4 
22.2 


2a  4 
8a  9 

sas 

25.7 

2a8 

32.4 

3a  3 
2a  9 
2a6 
2a  9 

27.4 
0.0 

34.3 
27.7 


a 

to 


17.8 
ia7 
17.0 

ia9 

14.1 
13.0 
13.0 

lao 

13.1 
12.4 

a  8 

11.5 

ia8 

14.0 
11.2 
11.4 

ia7 
lao 

ao 


is 
a 

o 


a9 

12.6 

7.8 

a6 

ia2 

11.0 

ia5 

as 

12.4 

11.4 

14.9 

15.7 

14.9 

lai 

15.5 

17.6 

15.9 

22.6 

ia8 

lao 

2a  8 

17.9 

ia7 

lao 

12.5 

12.8 

14.7 

lao 

11.4 

2a7 

2ao 

20.8 

17.0 

21.0 

(•) 

(») 

lai 

24.0 

20.1 

2a8 

ia2 

32.0 

21.7 

ia7 
lao 

17.1 

lao 
lai 

14.0 
15.2 

ia4 
ia4 

14.7 

13.4 
14.7 
15.1 
17.0 
13.7 
14.4 
14.0 
13.3 

11.8 
11.6 

lao 
las 
laa 

12.4 
14.2 
12.8 

lao 


ia7 
ia5 

14.7 
15.0 

lao 
ia8 
ia2 
lao 

17.4 

ia7 
ia9 
ia7 
2a  3 

(») 
ia4 

20.0 

20.5 
91.0 
21.2 

ia2 

22.7 


22.7 
22.0 
24.7 

ia5 
lao 

22.7 

lai 

17.6 
22.7 
20.1 

24.5 
11.6 

27.0 
19.6 


■No  record. 
*No  prior  record. 


'  Beoord  incomplete. 

«  Station  closed  November  30.  1885l 
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BEPORT  OF  THE  CHIEF  SIGNAL  OFFICER. 


Mean  daily  range  of  temperatnre  (i»  deffreee  FahremkeU),  ^ — Continued. 


Districts  and  stations. 


Hiddleslope— Continued: 

Dodge  City,  Kans 

Elliott. Fort, Tex  .... 
Boatheni  Slope: 

SiILFort.Ind.T 

Abilene,  Tex    

Gonoho,  Fort  (>) ,  Tex . 

Dayis.  Fort,  Tex 

Stockton,  Fort,  Tex. . 

Stanton,     Fort,    K. 

Hex 

Sonthem  Plateau : 
'  Santa F6,N.Mex.... 

EiPaso,  Tex 

Aimclio,  Fort,  Aris . . . 

Grant,  Fort,  Aris 

Prescott,  Aria 

Thomas,  Fort,  Aris  . . 

Yuma.Aris 

Middle  Plateau: 

Bidwell,  Fort,  Gal.... 

Winnemncco,  Kov . . . 

Frisco,  Utah 

Salt  Lake Citv,  Utah. 

Motttoose.  Colo 


r? 

d 
a 

I 


1&8 
20.3 

l&O 


22.4 
25.6 
25.4 


Bridger,  Fort,  Wyo . . 
Northern  Plateau : 

Boise  City,  Idaho... 

liowiston  (*>.  Idaho.. 

Dayton (•),  Wash.... 

Spokane  Falls, Wash. 
North  Paciflo  Coast: 

Conby.  Fort,  Wash  .. 

01ympia,Wash 

Fort  Angeles,  Wash 

Tatoosh      Island, 
Wash 

Portland,  Oreg 

Roseburff,  Oreg 

Middle  PaoiSo  Coast : 

Cape  Mendocino,  Cal . 

Keeler.Cal 

RedBluf^Cal 

Sacramento,  Cal 

San  Francisco,  Cal. . . 
South  Pacific  Coast : 

Los  Angeles,  Cal 

San  DlogaCal 

San  Luis  Obispo^  Cal . 
Alaska  Stations: 

Alexander,  Fort 

Saint  Michael's,  Fort : 

Sitka 

Unalaska 

Behring's  Island,  Behr- 
ing  Sea 


23.3 

2ao 

20.6 
20.8 
24.0 
27.2 
22.0 


17.0 


22.0 
10.8 

21.4 


2&1 
2&5 
30. 7 


20.4 
80.6 
33.7 
24.  H 
29.4 
34.0 
28.0 


27.0 
25.0 

22.3 


23.2 
24.5 
24.1 


25.0 
23.6 

23.0 


24.9 
26.3 
20.4 


18.0 
14.7 

ia7 

16.4 

7.4 
1L3 


17.4 


11.6 
>2L6 


20.9 
27.6 
29.6 
22L8 
28.2 
29.0 
26l7 


8L0 


l&l 
27.7 


6.7 
11.2 
14.3 

8.7 


16.8 

la  7 

7.8 

2L2 
17.2 


1X4 
14.0 
13.0 
12.8 

7.3 

1L4 

U3.5 

6.6 
11.8 
13.8 

&2 


12.7 

13.6 

10.0 

7.6 

0.2 


18w8 
16.2 
10.0 

2&3 

ia2 


1&6 

17.9 

9.1 

10.9 


25.2 
26.1 
24.1 

10.0 
21.6 
16.7 

7.8 
20.6 
25.8 

9.9 

123.7 

26.5 

20.2 

1L8 

24.8 
16.6 


2L0 
8L4 
32.9 
24.4 
2&6 
38.8 
26.6 


I 


21.8 
2L6 

20.3 


24.0 
25i0 
29.4 


26.7 


17.6 
22.4 


14.6 
15.2 
11.1 
10.2 


10.6      7.6 


24.3 
2&6 
30.2 
25w6 

9.6 
26.9 
19.8 

9.2 

20L8 
27.6 

10.2 
23.8 
2L0 
19.6 
10.1 

2L7 
14.6 


2L6 
33.7 
87.0 
26.6 
80.7 
86.1 
31.7 

(') 
27.9 

(») 
21.1 
27.0 


i 

0 


^ 

►» 


2L7 
20l9 

21.8 


28L6 
26.0 
29.3 


11.8 
12.7 
11.1 
12.3 

9l6 


22.7 
28.9 
26.2 
22.3 

9.3 
24.6 
1&3 

7.9 
26.6 
24.8 

ILl 
24.6 
26L6 
29lO 
10.8 

2L8 
1L8 


22.9 
84.8 

4a« 

23.7 
38.2 
87.2 
30.2 

26.6 

(•) 
22.1 
29.2 


2t.6 
22.9 

2&8 


i 

0 


27.6 
24»6 
27.4 


14.6 
13.6 
13.6 
18.1 


23.9 
23.7 
26.4 
2L2 

8.4 
22L6 
18.8 

9.9 
28.8 
2L8 

11.6 
2&8 
25.1 
24.0 
9.7 

27.2 

12.6 

>23.5 

12.8 
11.1 
14.8 
11.6 


23.4 
32.0 
8&8 
28.0 
2a4 
8L2 
28.9 

43.8 
81.6 
l&O 
26.4 
8014 


20.7 
28.7 

2&7 

(») 
27.4 
24.8 
27.1 


7.1      &7 


2&4 
26.9 
84.0 
2&8 

9.8 

2ao 

17.9 

12.6 
85.8 
29l9 

12.6 
87.1 
28.7 
26L6 
10.9 

27.2 

n.9 

23.1 

11.8 
1L8 
1L6 
11.6 

&7 


22.8 
87.9 
80iO 
20.7 
2&6 
2&4 
26.4 

<^ 
83.7 
19L4 
20.4 
29.9 
>20.4 

28.8 
8L1 
86.9 
28.6 

&8 
26.6 
lflL6 

IS.  6 
29.7 
80.6 

11.6 
24.6 
80.9 
82.1 
10.1 

28.0 
12.0 
28.2 

12.1 
10.8 
12.1 
11.7 


mm 

% 

i 


2L9 
24.6 

28.6 


28l« 
87.3 


24.0 
27.8 
87.0 
2L6 
83.5 
35i8 
20L8 

4L8 
82.7 
1&« 
28i6 
8L8 
80.4 

28l8 
24.8 
20.2 
8L4 

ao 
ia4 

13L7 

&6 
22.7 
29.1 

11.6 
24.9 
27.7 
81.9 
13.4 

28.2 
13.4 
28.7 

1L4 
7.6 

10.5 
9.9 


I 


2!L« 
90.3 

26.1 
26u2 


28.4 
29l9 


7.6      7.8 


25i2 
29.4 
40lO 
83.0 
8&8 
88L9 
20.4 

40.8 
86.7 
17.9 
26.0 
82.9 
SL8 

25.1 
2Si2 
20.9 
24.1 

9l6 
212 
18.8 

&S 
28.1 

2ao 

18.4 
83.1 


88.6 
11.1 

27.1 
14.2 
24.8 

1X8 
7.9 

10.8 
9.2 

as 


I 

a 

I 


22.4 
2a8 

2a2 

24.0 


2ai 

84.2 

>2a8 

20.4 
2a2 
8X5 

ia2 

27.8 
8L8 

2ao 

14.5 

lai 

l&l 

lai 

87.2 
27.8 

28.4 

ia7 
ia4 
lao 

7.6 

11.1 

14.8 

ao 
ia9 
lai 

lao 

17.8 

1L8 

ia4 

7.8 

laa 
ia4 

17.8 

las 

ia4 

as 

a4 

lao 


I 


p 


Ul6 
216 

2L0 
23.9 


2&S 

(«) 

2a7 

218 
83L2 

2a< 

27.5 

sai 

20L1 

l&O 
17.7 

las 

11.4 


2a2 
lao 

12.8 

(n 

12L0 

ai 

ILO 
14.0 

7.0 

ia2 

1L5 

a? 
lao 

1L7 

as 
lao 

las 

17.4 

laa 

17.1 

las 

la? 

ai 

a2 


'  Ko  prior  record. 

*  Beoord  incomplete. 

*  Station  cloMd  September  is;  1885. 


•  No  record. 

•  Station  dosed  December  81, 188a 

•  Station  dosed  KoTW&ber  80^  188a 


SEPOST  OF   THE   OHIBP  SIQHAL   OFHOEB. 


APPENDIX   33. 

ilmM*  I 

, ••  of  Ika  I 

ctmher  31,  1S85. 

{Thadallj  meaa  Unnanlly  obWtnedb;  dlTldkns  tlisiiim  ortlieT  a.  to,,  2.  knd  twlos  tha  8  p.  m.  Oa- 
ealtinie)oliHmtiDiiBbyi|  ths  maBtUr,  br  Ending  tha  torn  of  (h«  diOf  bj  tb*  uambn  of  dnyi  Is 


AiunUDk,Va 

AlkHi.8.  C 

AlbaoT.Orag 

Ani»D,l£u( 


^^l&M... 


Add  Arbor.  Kloh... 


AaliirDoil,  Tsaa  . 


Aabain,N.  Y 

AiutiB,T«x 

Balnbrldn  lalud.  Wai 

Bmdon,  Ontg 

B«1olt,  WU 

Bird's  Nest,  Vft 

BirinliiEbui.AU 

BlmmlDf  6raTe,P»-.. 

Blofl  OllT,  Hui 

BlQeI«ke,Cal 

BoynSilllcb ., 

BrMtteboronih,  Vt.... 

BsDkM  HULIll 

Bnrlliwtoa,  Tt 

-         131tj.N 


Uirthua,Sfo 

CM»wIm>,Pb 

CfdkT  KapMh  Ion  . . 


1^0.  . 


Clw  Ontn,  K>n» . . . 

ClflbDmaLXei 

ClareUnd.  Ohio 

Coll^  BID.  Ohio... 

Colllsinfflo,  III 

CoDoepthm,  Ho . .... 


CoopcnIowD,  N.T .. 
CondibJCo 

C»t?Hiibl 


itornriKLV* 

D«aTfle]d.llM 

Dn  Uoiiiea,  lom 

I>oltolo,Hebr 

DUtrlbnUiiK  B«aerToir,  D.  C 


IS.1 

87.  S 

la^ 

ffi 

«, 

3a.< 

IfL 

s* 

"; 

47.1 

*..! 

j;{ 

4'', 

j;'. 

Vi.9 

ItLH 

«i.-i 

M.< 

IKS 

'.'', 

!H 

„ 

„ 

„ 

„ 

„ 

M. 

ab.» 

Tt.5 

110.7 

70.1 

.I'V 

«i''. 

tf. 

A 

G3.5 

«!.» 

,?'. 

•as 

•u.* 

77.  • 

U.lJ 

Olftl 

Tt.lil 

74  8 

M.I 

47 1 

,•;'. 

,i'. 

71.  T 

jS'. 

5'^ 

s. 

;n'« 

011.11 

V 

Mn 

l)&4 

H.II 

4B.1 

nl'n 

«v. 

W.U 

!f! 

87.  ;t 

«7B 

17. 

BL7 

1B.I1 

g&« 

«.l 

se.1 

4&<I| 
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REPORT   OF  THE   CHIEF   SIGNAL   OFFICES. 


Monthly  and  annual  mean  temperature  (in  degrees  Fahrenheit)^  ^. — Continaed. 


Stations. 


Dorset^  Yt 

DoTer,  K.J 

Drifton,PA 

Dudley,  Mbab 

Dyborry,  Pa....... 

Easton,  Pa 

Bmbarras,  Wis 

Bmmittabarfd  Md 

Emporia,  Blans 

£ola,OrofC 

Factoryrille,  N.  Y 

Fairbnry,  Kobr 

Fall  Brook,  Cal 

Fall  Hirer,  ICaas 

Fill8ington,Pa 

FaU»ton,Md 

Foniyth,Ga 

Fort8oott,Kan8 

FonWoyiUN  Ind 

Frankfort,  Ky 

Franklin,  Pa 

Fremont,  Nebr 

Gardiner,  Ho 

Gorrettsville,  Obio 

Genoa,  Kebr 

Grampian  Hilla.  Pa 

Grand  Cotoan,  La 

Groat  Falls  Hoservoir,  Md. 

Grcensborough,  Ala 

Groen  Springs,  Ala 

Guilford,  Ind 

Guttenberir,  Iowa 

Hartford,  Conn 

Helvetia,  W.  Va 

Hiram,  Obio 

Hudson,  Mich 

Humboldt,  Iowa 

Humpbrey,  N.  Y 

HydesviUe.  Cal 

Independence,  Iowa 

Independence,  Kans 

Independence,  Mo 

Indianola,  Iowa 

Itbaca,  N*.  Y 

Jaoksonboroueb,  Obio.  .. 

Jeffersonville,  Ind 

Laconia,  Ind 

Lafayette,  Ind 

La  Grange.  Ind — 

Lansing,  Micb 

Lawrence,  Kans 

Lead  HiU.Ark 

Leicester.  Mass 

Lo  Hoy,  K.  Y 

Liberty  Hill.  La 

Limona,  Fia 

Lincolnton,  K.  C 

Logan,  Iowa 

Locansportk  Ind 

Lnung,  La 

Lunenburg,  Yt 

Madison,  liebr 

Madison,  Wis 

Mabanoy  Plane,  Pa 

Manatee,  Fla 

Manchester.  Iowa 

Manhattan  (B),  Kans 

Manistiqne,  Micb 

Manitowoc.  Wis 

Marietta.  Cal 

Marion,  Ya 

Marqnette,  Nebr 

Mattoon,  III 

Maud,  Kans 

Manzy,  Ind 

Maynaid,  Iowa 

Mayport,  Fla 

Mawitlan,  Mexico 


o 
19.2 
28.8 
24.1 

(») 
21.2 
30.5 
3.1 
2&8 
18.2 
30.1 
21.3 

(•) 

50.0 

27.4 

28.0 

20.5 

44.7 

24.4 

22.1 

20.3 

18.8 

7.4 
10.2 
20.5 

0.1 
17,8 
51.1 
31.8 
30.2 
43.2 

(•) 

5.2 
25.0 
30. 
10.2 
1.3.0 

3.3 
10.1 
48.8 

5.2 
20.0 
32.0 

8.8 
21.5 
2L1 
2&0 
2a  5 
17.0 
17. 
J.'».8 
18.7 
28.8 
21.5 
20.0 

(») 
00.3 
35.0 
(») 

lac 
0) 

l.'».4 
».(> 
7.0 

0) 
01.1 

&0 
13.3 

8.0 

a 
(>) 

32.0 

l') 

22.0 

10.3 

ia2i 

O 

60.0 


o 


o 
11.5 
25.2 
15.8 

(') 
13.6 
2.-1.7 

0.6 
23.7 
22.0 
40.5 
14.8 

(0 
53.0 

<•) 
21.1 
23.8 
44.4 

26.5 
10.0 
20.0 
14.0 
12.2 
14.8 
10.7 
14.1 
13.7 
52.4 
27.0 
44.0 
43.4 
22.1 

7.0 
18.0 
25.7 
15.2 
10.1 

4.2 
14.1 
50.3 

0.1 
25.2 
10.  U 
10.2 
15.3 
15.4 
24.4 
25.7 
14.7 
11.8 
10.5 
20.8 
32.2 
14.2 
15.1 

50.8 
3&1 
15.5 

lai 

(') 

8.8 

13.1 

8.2 

(•) 
00:3 
10.5 
20.5 

0.0 
11.0 

(') 
2&0 

(') 

las 

25.7 

(') 
14.1 
56.3 
00.5 


o 
10.8 
25.7 
21.5 

(») 
10.5 
25.0 
20.2 
33.0 
41.2 
52.4 
2L8 

(•) 
58.2 
27.4 
20.1 
30.0 
61.7 
43.0 
8L0 
80.7 
10.6 
33.0 
20.8 
23.8 
33.0 
20.1 
50.4 
33.0 
6L1 
4^2 
32.7 
25.3 
26.7 
32.0 
23.1 
20.0 

(') 

lai 

51.7 
27.0 
43.1 
37.2 
32.2 
21.4 
30.2 
30.4 

(•) 
20.0 
23.4 
21.0 
40.6 
45.5 
21.0 
21.8 
6L1 
64.4 
40.7 
32. 
20.6 

(•) 

15.6 

32.3 

24.0 

27.0 

6.>.2 

28.5 

87.0 

12.0 

23.8 

(') 
84.3 

0) 
34.5 

4-2.5 

(') 
21.2 

59!  0 

7LI 


•2 


o 

4L1 
46.5 
43.8 

(') 
40.6 

(') 
41.8 

(») 
54.2 
52.3 
42.0 

(>) 
60.7 
44.8 
4a  7 
50.0 
65.3 
57.3 
50.0 
55.0 
30.6 
47.6 
42.0 
43.5 
4a  7 
41.2 
71.5 
53.0 
65.7 
66.7 
4a  0 
44.2 
4a  8 
47.3 
45.3 
42.3 
45. 
30.2 
52.5 
45.1 
66.5 
44.2 
47.8 
41.6 
60.4 
55.0 

40.2 
44.7 
44.0 

(') 
62.3 
43.8 
43.5 
72.7 
72.7 
55.6 
51.8 
5L2 
60.0 
41.1 
47.4 
42.0 
40.8 
74.4 
4a  4 
52.0 
35.2 
30.3 

(') 
51.6 

(•) 
40.0 
5a  2 
53.1 
40.4 
69.1 
70.0 


« 
a 

a 


o 
53.2 
55.4 
56.4 

(•) 
53.7 
6L0 
57.2 

(') 
62.1 
56.6] 
55.3 

(•) 
6i.2 
52.0 
57.2 
50.1 
70.4 
65.0 
50.5 
63.6 
63.0 

5ai 

51.0 
55.4 

5a  8{ 

.'57.0 
74.7 
63.8 
69.3 
71.0 
63.0 
55.1 
5a8 
6a4 
5a7 
62.5 
56.0 
55.2 

0) 

66.8 

63.2 

(') 
60.1 
55.4 
6L8 
04.3 
63.7 
50.5 
57.5 
65.7 

(>) 
67.1 
63.1 
67.4 
7a  7 
77.0 
64.2 
6L7 
61.4 

(•) 
54.0 
65.0 
51.8 
01.2 
77.8 
50.0 
61.8 
4a2 
50.8 

(») 
60.0 

(•) 
62.0 
64.8 

5ao 

51.5 
74.1 
77.2 


o 
62.5 
65.4 
64.8 

(•) 
01.2 

(•) 
64.5 
60.2 

(•) 
60.3 

62.3 

(») 
65.4 
63.7 
68.8 
6a3 
70.8 

(») 
08.0 
72.1 
63.2 
67.7 
63.1 
62.6 

6ao 

65.8 
81.6 
72.5 
70.0 
80.0 
66.8 
64.1 
67.0 
65.7 
64.3 
60.2 
67.5 
62.2 

5ao 

66.1 
72.0 
69. 

(•) 
64.8 

70.7 
70.3 
72.8 

oa4 

(») 
65. 3 
72.0 
80.2 
63.1 
64.5 

sas 

81.7 
7a  6 
71.8 
71.1 

0) 
61.7 
67.6 

(•) 
70.0 

81.7 

oao 

73.6 

&ao 

57.8 

V) 
71.0 

(') 
71.6) 

7a  5; 

67.3 
62.3 
80.1 
82.5 


5 


I. 


o 

6a3 

71.7 
(») 

7a  1 

60.2 
70.8 
7L8 
7a  6 
(■) 

6ao 

60.8 

eas 
7a  1 
7a  7 
74.1 
74.6 

82.3 

(») 

75.0 
7a  2 

6a4 
7a  1 

67.3 
60.0 
75.3 
7a  1 

«a7 
7a  4 
7a  0 

80.4 
77.2 
71.2 
71.2 
60.5 
73.1 
7a4 

7a  0 
74.0 

(») 
73.7 
7a  2 
74.7 
(') 

71.3 
70. 
7a  2 
7a  6 
75.6 
(0 

7a  4 

77.1 
82.7 

(>) 
7L8 
87.0 
80.9 
74.1 
7a  9 
77.6 

(») 
66.2 
73.2 
7a  2 
77.6 
82.3 
7a  6 
81.0 
64.8 
67.7 
7a  9 

7a  0 
8ai 
7a  2 
8a5 

73.4 
69.7 
80.7 
82.7 


a 


o 
6L8 

6ao 
oai 

(«) 

63.7 

7a  7 

64.5 
(») 

<•) 

6a2 

64.5 
85w5 
72.5 
87.0 
66.2 
7a  4 

7a  8 

(») 

60.0 

7a  3 

60.1 

oas 
«a5 

64.3 

6a5 
6a6 

82.0 
74.4 

<'>« 
80.2 

7a  5 

6a  3 

65,7 
07.2 

6ai 

63.1 

6a5 

64.3 

0) 

6a8 

74.8 
7a  8 
6'2.9 
64.6 
7L4 
80.0 
7a  0 
6a3 
6a  5 
63.3 

7a  4 
6a2 
6ao 
sao 

82.9 

7a  0 

7a  4 
7a  4 

(') 

6L4 
66.1 
64.2 

7a  2 

84.4 
67.0 
74.1 
60.0 
64.4 

7a  8 
7a  6 

(») 

7a  2 

80.0 
67.2 
62.1 
81.0 
79.0 


8 


o 
64.81 
60.1 
50.1 
63.0 

sas 

67.8 
60.0 
64.0 

(') 
6L0 
57.7 

(») 

oao 

63.2 
61.7 
6a  2 
74.0 

(») 
63.4 
6a5 
52.6 
6a2 
6a7 
57.6 
63.5 
50.9 
77.3 
6a6 
7a  3 

(») 
64.6 
5a  3 
67.2 
5a  9 
60.6 

(') 
60.0 

6a2 

(') 
60.8 
67.8 
61.0 
6L7 
67.0 
64.0 
66.4 
6a7 
63.2 

(») 

5a9 

7a  0 
6ao 

60.8 

7a  5 
7a4 

67.8 
65.2 

oai 
7a  8 
5a3 

(•) 

50.0 
61.2 
8L8 
62.0 

6ao 
6a2 
6ai 

67.5 
63.9 

(») 
67.5 

(•) 
64.8 

(») 
80.4 
8L9 


a 


o 

4a2 

47.1 

4a7 

54.6 
4&6 

sas 
4a  4 
sao 

(•) 
saa 
4a4 
oa7 
6ao 

52.1 
51.9 

6a3 

6L7 

sao 

5L8 

6a  1' 
4a  1 

47.0 
47.6 

4a4 

4a  0 

44w4 

65.7 
54.0 
61.6 

(') 
61.2 

4a  0 
4a  2 

47.5 

4a  4 

45.0 

4a  7 

47.2 

0) 

4a  2 

54.4 

sao 
4a3 
4a6 
5a7 
6a  5 
sao 
4a  8 

(») 
4a  4 

6L2 

sao 

4&4 

4a  0 
6a7 
7a  2 
5a3 
(») 

51.3 
G12 
45.7 

0) 

44.8 

62.  X 

72.6 

47.0 

60.9 

4a  7 

45.4 

61.2 

sa^ 
sa? 
saoj 

0) 
44.6 

(») 

?L7 
TOll 


tm 

.a 

§ 

9 


o 
87.0 

46l8 

ST.  4 

40.8 

87.8 

4S.8 

8a7 

42L0 

(>) 
45.61 
38.4 

(•) 
67.7 
4a7 
43.2 

4a  7 

54.9 
4a6 

4ao 

4&6 
34.5 

sas 
sao 

87.8 
S7.1 

sas 
eai 
44.0 
sai 

(0 
4a  4 

(0 

40.4 
29.0 
3a7 
(»> 

3a  5i 
sai 

0) 

sao 

47.0 

<I> 
<») 

3a4 

4L1 

4ai 
4a  6} 

39.8 

sas 

8&2 

(') 

4a  8j 

(') 

sas 
6a5 
fas 
4a5 
sao 
44.5 

(») 
sasi 

sas 
(') 

4L6 
64.81 
37.0 
4a9 

sao 
3a2 

545 

4a2 

(•) 

4ao 

S7.6I 

(») 
'») 

77.1 


,1 


.418 


sai 

27.7 

S2.8l.4L3 

sao 

43L9I 
29.4 

4a  81 

54 

33.4 
S4.4 


m 
c 
a 

a 

< 


o 

4L7 
47.3 


S3.C 

4a8 


6L6 

■     •  •  • 

4a  0 


S4.8  sai 
49.0  oai 
37.2 

33.0i4a7 

las 
4ao 
4a  4 

42.4 

44.0 
4a3 

4ao 

67.7 
519 


4a2 

4ao 
4ai 


3a4 
2a2 
2a3 

26.9 
29.4 
29.5 
24.2 
64.4 

sas 

47.61 

(») 
SI.  9 
l&S 

sa9 

S4.4 
2a9 

2a  61 
2a2 

23.2 

sas 

(•) 
(') 

29i8 
81.1 

sac 
sao 
2a7 

27.9 
27.1 
32.5 
S0.0 

»r.6; 

28L8|4ai 
64.5 


415 


418 
514 


44.3 

4a  0 

510 


4a9 

410 
*57,'7 


7a  9 
511 

4a3 

'40.2 


5&8| 

sa2l 
2a  6| 

3L6 

sas 

210. 
2&3 

2ar 

319 

sao 

2S.5 

SLr 

217 
2a5 

4a  5 

310 

sas^ 
3io<  sa 

<!> 
(•> 

(') 

(») 

718^ 


72.3 
44.4 

5L5 
37.6 
41.1 


5L] 


77.0 


'Ko  record. 
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HoDDDOEh.  Hil 

MsnudSMtloD,  K.  Y 

Mandon.  Mm« 

MfOTllt'll  iBlAod.  FIB 

HIlMi.Toiin 

UIIMestUIb.  tin 

UUton.  Uau 

lllniiMpaUi,  UtDii 

HonUodlot  lowk 

MooreMowD.  Mloh . 

UoNMMwg,  M.J     .. 

MoDBUtDVille.  S.  r 

HonBtFotw(,C*iuMU. 

HouDdda.  Ark 

Uonnt  Voraim,  Iowa 

XluoaUnr,  lowft 

ITeiUtrllle,  Wl( 

ITepUUtah 

Waw  IMfonl,  Um 

Mowpor^  Vt 

]T*vT[lai.Ta 

irortbCDlobn»k,Coiln 

Honbflelil.  Minn 

VoTth  Le«l*bora.  Ohio 

ITorth  V<Jnoy,  ir.  T 

o»ki»iia,(^ 

Omia,  Ho 

On*lUo.Oal 

UakabNwi,  lowii 

(Mtamir^  lown 

PMM>lM,8.ti 

P«l«ni».lf.Y 

Puanuribo  fOatob  Oalooa), 

FaUiMa.lT.  J  ..'.'.'.'.'.'.'.'.'.'.'.'.'. 

rMrU,in 

PUlttpAiug.  JT.J 

PlwoeClty.  Uo 

Point  FleMiDC  La 

ParUnoDlli.  Ohio 

Po»tlUllTlllH«.Vt 

Poirav.Col 

PnlrtodaChlen.'Wli 

PrlDcatou,  Cal 

Prlnealon,  Uan 

rrlonloD,  N.  J 

ProTtdaDoe,  B.  I 

Paelilo,  Colo 

Piieno  de  LanA,  S.  Mei .... 

QuKkertowD.  P» 

iUlolgb.N.C  

RsadEisUin.  N.J 

UecelTing  Rawrvoir,  B.  C. . . . 

Riobwdtoa.  Dak 

RIohmDDd,  Ey 

RUey.Ul 

Xoelc  Creek  Uridse,  D.  C 

HockfDid.Ill 

Bogfclea,  Obio 

Sicnmmto.  Cal 

Haloin,  H.J 

8allno.Kuii 

HaudwiebJl)....ir.ir.lJI^ll^ 

Bherloek,  Kana 

SomenoC,  Uua 

Komervilla,  N.J 

tkmlb  BoUilehetiLPa 

8oDtb  XnnatoD,  III 

Hoalliliiglon,  Codd 

aoathOraBE&H.J 

Spliwlaad.Iiid. 

8«rlDiaald,  Uo 

8utBbiirc,B.C 

8uU«tUK,S.C 

8tetlliis,Eiu 


^7 

n^R 

uTt 

r,?e 

fl?i 

HS.U 

16.0 

M.t 

U.B 

K 

Js.'7 

4».e 

M^2 

69.6 

2*6 

18.0 

IS.  a 

4T.8 

(" 

wn 

(V 

Oft. 

<U.B 

w« 

^''> 

^Vt 

54.0 

SB,; 

M.' 

B'il 

n-ii 

1!. 

i/i 

K 

40  1 

Eg.Z 

'rf'i 

57.0 

ai.* 

IS.IJ 

iftt 

mn 

M.4 

KiS 

ib.i 

■""■fl 

07.6 

Sf 

!1,7 

03.S 

1') 

,vv 

411  7 

ssl 

mo 

O 

(') 

w 

S4 

7S. 

71  1 

fi?. 

^5- 

<^ 

ml 

4M. 

Tib 

Pll 

oSe 

t.i 

Ji 

^*ij 

A 

51- B 

in 

"■„ 

n" 

ai 

M  n 

^fl 

M. 

fla.| 

tf,' 

!1! 

u. 

7s.:i 

79.0 

80.  a 

81. » 

01. 

i;'« 

^'a 

;-' 

11 

04,  n 

71.0 

03.0 

•il.-l 

UJ.B 

SJ.4 

7*1 't 

ri.'- 

.V 

m-i 

OAR 

7L 

1^ 

•!!'. 

54: 

B&o  »:b 

77"  7 

%'l  %' 

«B.: 

V 

') 

77!  i 

01.  < 

48  B 

4a 

?i 

HU.t 

7?  n 

711.  U 

fii'" 

4H. 

■) 

w. 

■.a.  a 

wj 

III. 

al2 
».: 

an.' 
82.: 

£1 
1 

SI.; 

1 

38.1 

31.: 

48! 
40.  i 

3*!: 
(') 

a; 

ao.B 

14.2 

3S.I 

34.! 

1: 

aa.! 

1 

42!' 

ii 

"sie 
'40.' s 

£! 

40.  B 

41.1 

42!  s 

41:0 

6o."a 

'si's 
ta.1 

43.0 

■fid's 

'U.'3 
8ft0 

57!  0 

43.0 

fli'i 

si'i 
49^0 

iao 

40.7 

tan 
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WBliwb.Iiid 

WuhiatUuCltr 

Watar^ila.Ma 

Wmmo,  WU 

WuMMtBiObla 

VabMeT,I>ak 

WeldoB.'K.l! 

VelllngtaD,  Em* 

WalltbotiMisli,  P* 

\r«Mbaroiish.  ICh* 

WMtChMUr,  Ph 

WMMrrUlc,  Ohio 

Wen  LeaTonvoTlh,  Suit 

'WeatmonLvbl,  Euu 

West  nnlon,  Iowa 

Wbite  PUIai,  N.  T 

WtlkMbwre,  Pm 

WlUluBiton,  Haa 

Wilton  Centre.  Ill 

Wottlitack,  Md 

W«)dil«ik.Tt 

Woteeater,  Um*. 

WyaodMU.  Ku» 

w  jlheTiu^"  vi" ;;  I ;";;," ; 

TktM  CantniEui 

Yelloir  BpriDCt,  Oblo 

TaUn,  ifebr 


i  Ml  U.1\  U.T 


ia.S  M.O  41.8  s 
31.4  l&T  £2.4  4 
£3.11  20.8  27.S  4 


s  (s.  o|  04.  s;  «4. 8  8 


i    42.  S    £2.4'  63.;    SS.B   04 


82. 0  78.  ll  78. !  7 


*t.>|ns 


ii.i1b8.i 
n.if,  71.: 


71.  S  71 


ai.i\  ei.i  40.4  4 


W4| 

(•)  I 
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APPE  N  DIX    34. 

Manihljf  maximum  and  mtniiiiiim  temperatures  and  annual  range  of  temperature  {in  de- 
States  Army,  for  the  year  end- 

[From  aelf-resistor- 


SUtions. 


AoooUnk,  Va 

Aiken,  S.C 

Albany,  Orag 

Allison,  Kiins 

AlUMma,  Pa 

Amherst  (agri.  ■ta.),HaM 

Amhent  Haas , 

AuuL  Hi 

Ann  Arbor,  Mioh 

Archer,  Fla 

Aaheville,K.C 

Aahwood,  Tenn 

Atohiaon,  Kana..: 

Athens,  Oa 

Anbnm,  N.  Y 

Austin,  Tenn 

Austin.  Tex.. 

Bainbrldgo  Island,  Wash 

Bandon,  Oreff 

Beloit,Wis 

Bird's  Nest,  Va  

Birmingham,  Ala 

Blrminieham,  Mioh 

juloominfc  OroTe,  Pa 

Bine  Hill,  Mass 

Bine  Lake,  Cal 

Boyne,  Hlch 

Brattleboronff  h,  Vt .    .. 

Banker  Hilt  111 

Barllngton,  Vt 

Carson  Citv,  Nov 

Carthase,  lio 

Catawissa,  Pa 

Cedar  Rapids,  lova 

CootreTilie,  Ho 

Chambersbnrs,  Pa 

Chapel  Hill.  K.O 

Charleston,  lU 

Charlotte.  Vt 

Cheater,  Minn 

Cincinnati,  Ohio 

Clay  Centre,  Kans 

Clebame,  Tex 

Cleveland.  Ohio 

Clyde,  Ohio 

Colleeo  Citv.  Cal 

Collego  Hill  Ohio 

CollinsTillcIU 

Conception,  Mo    

Contoocook,  K.  H 

Cooperstovrn,  K.  Y 

Cornish.  Mo 

Corpus  Chi  isti,  Tex 

Cresco,Iowa 

Crete.  Nob 

Camberland,  Md 

Dale  Enterprise,  Va 


Janoary. 


Kin. 


74 

64 

M 

67 

67 

68 

02 

44.2 

81 

62 

60 

44 

60 

51 

62 

78 

68 

68 

40 

70 

(») 

(») 

62 

61 

(•) 

<») 

60 

63.8 

60 

06 

60.6 


42  -^0 


(•) 
64 
77 

(•) 
60 


36  —Si 


62 
67 
69 
6^6 

(») 
67 
48 
62 
40 
61 
66 
46 

(') 
34 
67 
60 
66 


o 

8 
10 
24 
^27.6 

4 

h-18 

—  8 

-12 

-17 

31 

10 

2 

-12 

16 

1—2 

lero. 

24 

28 

29 

1—24 

16 

(•) 

(») 

aero. 

(») 
27 

0) 

(•) 
—10 
—14.8 

16 

—17 

1 


Febmaiy. 


(») 

2 

14 

0) 
—16 


—10 

—22 

4 

—0.8 

(') 

34 
—12 
—13 
—21 
-10 
—12 
-13 

(') 

—36 

25 

4 

2 


Max. 


o 

63 

67 

62 

70 

40.6 

80 

41 

00 

46 

70 

(») 
68 
63 
66 
42 
60 
77 
68 

(»> 
42 
67 
74 

O 
48 
40 
66 
(») 
0) 
60 
88 
65 
62 
48 
44 

0) 
46 
68 
60 
40 
80 
68 
61 
72 
46 

(') 
75 
62 
63 
47 
43 
38 
41 

(') 
37 
67 
60 
68 


o 

3 

13 

84 

—20 

—  1 
-16 
-8 

—  6 
—23 

82 

(») 
3 

1—18 

7 

-8 


Min. 


24 
31 

(') 

-24 

11 

10 

0) 
-10 

—  3 
30 
C) 
(») 

h-13 

-18 

17 

—  8 
—11 
—28 

0) 

—  4 
0 

aero. 
—20 
—30 

—  0 
—21 

8 
—15 

(•) 
33 
-15 
I— 11 
-23 
—10 
—12 
—14 

(») 
-32 
—21 

—  0 
—10 


March. 


April. 


Max. 


72 

71 

76 

77 

61.6 

60 

64 

70 

46 

70 

76 

74 

70 

70 

60 

76 

76 

70 

60 

66 

68 

74 

46 

63 

65 

78 

40 

0) 
75 
48 
73 
70 
68 
60 

(•) 
62 
75 
64 
60 
47 
70 
75 
70 
65 

(') 
87 
62 
74 
03 
56 
54 
48 

(') 

48 

70.2 

60 

70 


Min. 


10 
28 
82 
14 
3 
I— 11 

—  8 
18 

—  6 
38 
13 
16 
17 
20 

—10 
16 
41 
S3 
20 

—  8 
15 
21 

—13 
—10 

—  0. 
33 

—34 

0) 
11 
—17 
20 
20 

—  0. 

—  2 

(') 

8 

17 

4 

—14 

-10 

5 

12 

20 

—  6 

(') 

37 

3 

12 

2 

—10 

—14 

—10 

(•) 

—15 

10 

0 

7 


6 


Max. 


02 
88 
80 
82 
83 
83 
83 
81 
80 
90 
82 
81 
77 
85 
82 
81 
85 
78 

(») 
76 
82 
88 
70 
88 
70 
77 
82 
84 
81 
85 
77 
86 
80 
74 

(') 
86 
04 
70 
85 
73 
86 
80 
88 
84 

(•) 
05 
82 
78 
7:. 
87 
82 
80 

(') 
72 
78 
80 
88 


Min. 


80 
37 
37 
80 
21 
10 
22 
83 
10 
47 
28 
34 
80 
30 
20 
35 
56 
30 

(') 
22 
37 
34 
16 
24 
24 
26 
zero. 
22 
24 
14 
28 
38 
24 
16 

0) 
27 
29 
22 
16 
14 
30 
30 
42 
23 

(') 
40 
27 
28 
23 
20 
15 
23 

(•) 
18 
20 
28 
29 


May. 


Max. 


01 
00 
87 
90 
£6 
85 
85 
8& 
81 
01 
83 
80 
86 
86 
79 
88 

O 
81 

(•) 
80 
81 
04 
80 
86 
83 
81 
86 
87 
02 
83 
02 
00 
86 
86 

(') 
01 
00 
66 
84 
85 
89 
84 
00 
82 
80 
100 
02 
00 

8.n 

87 
81 

ai 

(') 

85 
82 

83 
87 


Min. 


o 

44 

49 
47 
30 
34 
21 
3t 
33 
28 
66 
39 
42 
36 
40 
20 

:r7 

(•) 
34 

0) 

28 
53 
42 
23 
31 
82 
87 
15 
24 
34 
28 
29 
34 
34 
24 

(') 
88 
60 
35 
29 
21 
41 
34 
40 
30 
40 
50 
40 
35 
29 
27 
30 
32 

(•> 
27 
20 
40 
40 


Jane. 


Max.  Mia. 


98 

(•) 
82 
90 
00 
80 
90 
92 

(») 
92 
95 
96 
02 
03 
83 
01 
08 
84 
(') 
84 
95 
00 
88 
89 
89 
76 
03 
00 
92 
89 
01 
93 
88 
90 
93 
90 
04 
93 
03 
90 
06 
99 
03 
8R 
00 
102 
97 
91 
87 
00 
« 
88 
98 
85 
93 
86 
04 


59 

(') 

50 

51 

42 

35 

51 

49 

43 

70 

67 

62 

53 

55 

4i 

50 

6f 

50 

(•) 
42 
58 

58 
41 
47 
42 
34 
28 
89 
41 
43 
)0 
90 
4t 
43 
46 
83 
63 
38 
44 
34 
52 
55 
62 
4« 
55 
51 
60 
51 
47 
42 
44 

4:» 

76 
42 
43 
50 
61 


'  N6  record. 
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32 

-24 

7 

-5 
2 

48 
-10 

12 
-29 
-11 

(») 
13 
13 
8 
21 

(•) 

-10 

40 

65 

7 

—  0 
4 

(») 
5 

24 
5 

—  7 

—  7 
h-32 

6.J 
—10 

—  4 
1—18 

22 

—  4 
3 
2 

—20 
17 
2 

—30 
33 

—  6 
—12 

—  2 
—18 

—  9 
43 

—21 
40 
2 
10 
20 

—19 

68 

(») 

10 
2 

17 

18 

80 
7 
—20 

87 
—5.9 

40 

4 

2 
20 
25 

2 
(•) 
(') 

10 


April. 


May. 


Max. 


85 
80 
73 
74 
84 
88 
72 
74 
05 
64 

(») 
83 
77 
79 
84 
78 
67 
88 
84 
01 
83 
76 

(•) 
83 
80 
79 
70 
74 
78 
86 
80 
86 
70 
86 
79 
77 
82 
63 
67 
74 
86 
78 
80 
75 
80 
74 
87 
78 
76 
84 
73 
80 
76 
84 

01 
83 
79 

(>) 
84 
77 
88 
92 
86 
88 
09 
84 
79 
83 
83 
79 
78 
82 
00 
02 

86 


Min. 


Max. 


o 
49 

8 
21 
21 
26 
69 
22 
26 

0 
18 

(') 
20 
44 
29 
30 
20 
18 
58 
57 
28 
28 
80 

(') 
35 
32 
30 
10 
21 

2 
27 
22 
24 

7 
32 
22 
21 
31 

8 
30 
27 
14 
60 
18 
16 
20 
20 
10 
42 
20 
42 
26 
29 
41 
16 

67 
29 
80 

(») 
32 
18 
46 
26 
16 
46 

-23  1 
31 
21 
26 
23 
82 
41 
24 
36 
34 


o 

90 
82 
81 

84 
87 
87 
90 
90 
78 
Si 

(») 
81 
82 
89 
80 
82 
86 
88 
88 
82 
81 
70 

(») 
89 

00 
80 
83 
85 
83 

(») 
84 
80 
66 
84 
90 
85 
82 
87 
83 
80 
84 
79 
82 
84 
83 
80 
84 
86 
79 
96 
85 
86 
75 
80 

89 

(») 
89 
84 
87 
87 
86 
91 
84 
80 
84 
101 
70 
84 
85 
90 
86 
80 
88 
90 


Min. 


31   87 


o 

63 
28 
30 
27 
40 
68 
23 
32 
24 
18 

(•) 
35 
45 
35 
83 
30 
30 
04 
60 
57 
38 
37 

(•) 
38 
44 
30 
28 
25 
18 

(') 
36 
31 
30 
36 
34 
29 
40 
16 
80 
32 
28 
59 
22 
23 
83 
20 
29 
49 
28 
62 
83 
83 
63 
39 

70 

(») 
37 
83 
34 
32 
65 
40 
29 
62 
80 
44 
21 
37 
28 
87 
41 
31 
60 
44 

46 


Jai 


o 

03 
83 

85 

(') 
92 
04 
88 
98 
80 
82 

(•) 
80 
94 
00 
101 
87 
84 
93 
92 
86 

sa 

87 
92 
93 
94 
91 
87 
00 

(») 
06 
86 
01 
82 
01 
02 
01 
90 
88 
88 
85 
88 
85 
83 
86 
02 

(•) 
87 
71 
80 
90 
84 
91 
84 
84 

88 
88 
95 
90 
92 
86 
98 
92 
89 
90 
03 
93 
84 
93 
88 
92 
98 
89 
94 


93 


Min. 


64 
42 

48 
(M 
52 
6J 
4.1 
51 
32 
90 
(»> 

hi 

50 
47 
34 
40 
88 
74 
60 
53 
47 
46 
71 
50 
60 
47 
41 
88 

(') 
65 
40 
41 
90 
60 
53 
41 
58 
27 
85 
46 
42 
78 
45 
85 
44 

V) 

45 
62 
19 
67 
47 
56 

42 

70 
64 
48 
46 
66 
40 
67 
40 
87 
66 
45 
44 
41 
49 
44 
64 
•I 
48 


68 


^  Ko  record. 
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f\9H^9 

January. 

Febroazy. 

Ifaioh. 

April. 

May. 

Joa. 

Stetkms. 

Mml 

Min. 

Mml 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Mia. 

Max. 

Mte. 

RieluMdtoo.  Bak 

KlohmoDd.  Kt  .......... 

o 

87 
57.1 
40 
65 
44 
46 
48 
48 
63 
60 
53 
70 
46 
62 
63.8 
67 
48 
58 
59 

(') 
69 
62 
49 
62 
72 
67 
55 
60 
48 
66 
49 
87 
60 
45 
41 
63 
71 
58 
60 
49 
46 
45 
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46 
53 
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■ero 

-iS 

20 

14 
-22 
■era 
-18 
6 
—18 
-25 
-14 
-27 
—26 

26 

26 

-24 

—17 

—12 

—16 

—14 

—25 

16 

6 

—33 

—10 

5 

zero 

—21.2 
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89 
46 
73 
48 
45 
75 
46 
78 
60 
52 
52 
44 
45 
44 
43 
44 
53 
64 
64 
62 
62 
68 
40 
62 
68 
39 
67 
42 
43 
65 

(») 

52 

60 

51 

35 

47 

55 

44 

42 

60.7 

69 

69 

64 

44 

60 

(») 
60 
47 
44 
51 
63 
63 
54 
44 
53 
63 
63 
64 

lo» 

43 
45 
38 
46 

48 
41.4 
89 
52 

(') 
65 
56 

(') 
63 

o 
—23 

-^ 

4 
—25 
—26 
—12 
—15 
83 

5 

82 

—84 

80 

a5 

—5 
—3 

-24 

—3 

—14 

-13 

16 

8 

—12 

■ero 

—16 

—3 

—14 

—24 

—10 

-27 

—27 

31 

(•) 

1 

-24 

—10 
—22 
—18.5 
—18 
—25 
-18 
2 
-24 

—  0 
1 

—  2 
—16 

(') 

—  8 
-30 
-29 

-24 

-38 

10 

—  6 
-22 

—  2 

—  8 
-18 
—16 

Ji 

—  1 
—12 
—10 

—  3 

-38 

—  3 
—14 

(•) 

—  4.5 
-10 

0) 
—18 

o 

48 
71 
56 

72 
54 
67 
51 
53 
80 
66 
74 
82 
61 
80 
74 
64 
66 
68 
57 
56 
68 
62 
64 
76 
67 
69 
83 
70 
44 
73 
68 
51 
77 
45 
54 
68 
79 
67 
66 
63 
49 
58 
77 
46 
57 
71 
64 
75 
04 

0) 
60 

11> 
69 

66 

47 

66 

70 
70 
80 
53 
60 
63 
60 
72 

i? 

53 

57 
48 
63 
67 
53 
51 
72 

(') 
65 

77 
62 
68 

o 

—6 
10 

14 

-2 

■ero 

—16 

—7 

37 

13 

16 

86 

—3 

82 

17 

13 

■ero 

6 

2 

-2 

■ero 

8 

—I 

11 

26 

20 

14 

38 

-18 

8 

■ero 

8 

12 

—13 

—1 

82 

84 

4 

13 

10 

-11 

—  4 
14 

—24 

—  8 
9 

■ero 
8 
7 

*y 

(») 

6 

—16 

—17 

—  7 

10 
18 
—12 
■ero 

4 

-a6 

16 

(») 

-11 

1 

—  8 
—14 

—  4 

6 
-27 

xl 

0) 
10 
14 

—  1 
-11 

o 

70 

88 

74 

88 

74 

77 

79 

72 

87 

88 

85 

82 

78 

88 

80 

88 

85 

67 

90 

78 

87 

86 

78 

81 

85 

87 

88 

76 

80 

88 

80 

76 

78 

80 

75 

75 

83 

84 

76 

78 

84.4 

81 

78 

78 

85 

86 

76 

85 

84 

76 

75 

^ 

84 
76 
83 
79 
87 
85 
81 
85 
86 
88 
77 
79 
71 
78 
89 
81 
80 
84 
86 
78 
74 
84 
79 
78 
80 
79 

o 

26 
29 

23 

84 

85 

25 

16 

23 

85 

83 

28 

41 

26 

83.8 

85 

29 

28 

81 

34 

31 

25 

26 

85 

80 

84 

29 

28 

44 

14 

9S 

28 

19 

80 

19 

25 

85 

45 

27 

25 

81 

12 

33 

83 

11 

20 

23 

17 

80 

27 

86 

27 

&> 

20 

12 

12 

20 

84 

89 

18 

25 

26 

22 

38 

86 

21 

24 

2t8 

20 

19 

27 

15 

25 

80 

24 

27 

81 

28 

81 

o 

80 
83 
65 

90 
79 
82 
80 
84 
100 
86 
90 
76 
84 
90 
86 
82 
89 
86 
89 
82 
86 
88 
85 
83 
88 
86 
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iNo  reoord. 
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ofitsmpwainreiin  degrees  Fahrenheit),  ^o.— Continued. 
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Dooeniber. 

Max. 

MJn. 
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Mis. 

Max. 
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Miu. 

Max. 

Min. 

Max. 

Mln. 
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52 
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72 
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80 

74 

82 

66 

07 

62 

87 

50 

83 

48 

74 
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66 

20 

46 
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41 
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(») 

97 

41 
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71 

16 

(>) 

(•) 

07 

42 

(») 

(') 

85 

88 

70 

29 

66 

20 

46 

-18 

05 

53 

(') 

(») 

83 

88 

73 

27 

70 

11 

67 

6 

00 

50 

88 

64 

85 

44 

76 

84 

76 

30 

60 

14 

""is" 

00 

47 

04 

•  40 

83 

87 

73 

29 

68 

19 

54 

—8 

115 

01 

50 

02 

53 

83 

47 

80 

26 

79 

22 

62 

sero 

Oi 

50 

93 

64 

88 

52 

77 

40 

76 

31 

66 

24 

....^... 

OJ 

60 

03 

55 

90 

44 

73 

83 

71 

81 

62 

.24 

85 

00 

60 

97 

54 

§S 

50 

85 

29 

76 

22 

65 

121 

100 

70 

00 

64 

58 

84 

42 

72 

88 

68 

20 

100 

88 

52 

80 

42 

78 

36 

70 

24 

56 

8 

60 

aero 

106 

100 

60 

99 

46 

95 

35 

70 

30 

73 

24 

02 

9 

102 

00 

60 

94 

48 

84 

86 

76 

26 

67 

20 

51 

—2 

114 

100 

61 

(') 

(») 

<;> 

(») 

(») 

0) 

(•) 

(») 

(») 

(') 

(•) 

0) 

90 

53 

(») 

(') 

(') 

V) 

(') 

(») 

(') 

(') 

o-j 

44 

(») 

(») 

82 

36 

74 

13 

66 

23 

50 

04 

53 

80 

47 

86 

35 

72 

25 

62 

21 

42 

—10 

121 

80 

51 

84 

53 

75 

46 

64 

89 

60 

34 

60 

28 

00 

OJ  { 

74 

92 

73 

88 

63 

83 

46 

77 

30 

72 

26 

04  1 

60 

90  • 

43 

87 

34 

75 

29 

71 

10 

61 

0 

•••*P7** 

102 

58 

96 

52 

92 

U 

82 

25 

72 

10 

56 

—  3 

120 

04 

54 

90 

62 

80 

42 

72 

34 

67 

28 

58 

2 

HI 

04 

55 

86 

44 

85 

41 

76 

24 

68 

28 

40 

—  2 

110 

05 

63 

94 

50 

84 

41 

78 

30 

69 

23 

54 

—  2 

113.5 

100 

01 

99 

57 

94 

51 

88 

26 

78 

19 

71 

—  3 

IWi 

02 

44 

87 

43 

85 

86 

75 

18 

55 

23 

43 

2 

118 

00 

40 

94 

36 

83 

83 

80 

27 

65 

5 

40 

-  1 

114 

(') 

(') 

(') 

(») 

(») 

(') 

73 

28 

60 

19 

60 

11.4 

00 

40 

95 

39 

91 

83 

84 

23 

72 

13 

58 

—14 

"rji" 

100 

50 

96 

51 

85 

43 

78 

82 

71 

25 

62 

7 

110 

100 

58 

92 

68 

93 

54 

« 

Si 

(») 

(•) 

(») 

O 

81 

02 

90 

50 

84 

86 

70 

14 

60 

4 

o.> 

58 

<:> 

(») 

(») 

(») 

0) 

(») 

(») 

(») 

(') 

(») 

00 

57 

(') 

(') 

90 

44 

77 

37 

70 

28 

(•) 

(•) 

(') 

(») 

0) 

(») 

(») 

(>) 

75 

28 

68 

16 

(') 

(») 

(') 

.  (») 

(') 

0) 

87 

86 

84 

25 

61 

15 

56 

2 

*  *  • 
*  ■  •  •  •  •  • 

oa 

42 

80 

36 

85 

28 

78 

13 

46 

8 

48 

-22 

128 

08 

46 

01 

40 

87 

31 

78 

14 

69 

16 

54 

—  7 

127.4 

00 

46 

09 

44 

98 

27 

83 

21 

62 

16 

50 

—12 

137 

100 

62 

08 

58 

03 

44 

78 

87 

80 

20 

68 

22 

90 

102 

04 

101 

40 

93 

49 

81 

25 

78 

20 

00 

—  9 

112 

00 

51 

90 

40 

84 

38 

78 

28 

70 

22 

48 

—  2 

IIH 

00 

45 

90 

40 

85 

34 

78 

28 

72 

12 

64 

9 

104 

08 

53 

80 

47 

84 

42 

75 

83 

68 

26 

59 

9 

101 

&0 

44 

00 

46 

80 

80 

74 

23 

68 

21 

58 

1 

113 

00 

01 

97 

53 

85 

49 

79 

81 

76 

25 

57 

6 

115 

(•) 

(•) 

101 

47 

95 

46 

87 

24 

70 

20 

58 

—  4 

05 

52 

86 

45 

83 

89 

73 

20 

66 

17 

46 

—10 

"m" 

88 

AO 

84 

64 

78 

88 

72 

33 

68 

20 

55 

7 

00 

07 

42 

91 

41 

86 

38 

83 

30 

73 

12 

50 

5 

109 

87 

43 

89 

84 

76 

37 

72 

20 

67 

10 

50 

5 

103 

103 

30 

96 

42 

90 

35 

(») 

(») 

(») 

(') 

0) 

0) 

08 

50 

91 

45 

84 

37 

72 

30 

78 

23 

60 

0 

"*i6i"" 

Al 

44 

87.  S 

34 

82 

82 

75 

22 

62 

—10 

(') 

(') 

87 

53 

82 

45 

77 

38 

70 

30 

65 

12 

58 

7 

'"oi" 

100 

00 

94 

53 

88 

48 

78 

28 

74 

21 

56 

—  2 

114 

01 

52 

88 

48.8 

82 

40 

77 

28 

00 

13 

56 

zero 

90 

43 

87 

40 

82 

35 

70 

31 

08 

24 

65 

14 

"■'oi'i 

06 

50 

02 

52 

84 

40 

82 

26 

70 

20 

60 

—  2 

106 

98 

5i 

02 

45 

88 

37 

74 

21.  S 

00 

23 

50 

—  0.4 

.  ••.•••• 

100 

60 

(') 

(») 

(•) 

0) 

80 

31 

68 

20 

50 

—  8 

1 

NorecG 

rd 

• 

27  SIG 
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BEFORT  OF  THB  CHIEF  SIGNAL  OFFICES. 


APPEN  DIX  35. 


Monthly  maximum  and  minimum  temperaturca  and  annual  range  of  temperature  (i« 

[From  aeir-re^ler 


Stations. 


Abnhftm  Lincoln,  Fort, 
Dak 

Aloatras  Inland,  Cal .... 

Ansel  Iftiand,  Cal 

Aaalnaboine,  Fort.Hont 

BarraooaB,  Fort,  Fla 

Bonioia  Barracks,  Cal. . . 

BIdwell,  Fort,  Cal 

Brady,  Fort,  Mich 

Bridjcer,  Fort,  Wyo 

Brown,  Fort,'Tox 

Baford,  Fort,  Dak 

Coinmbus.  Fort.  N.  Y.  11 . 

Concho,  Fort,  Tex 

David's  l8Und,N.Y.... 

Ellis,  Foit,  Mont 

Frod  Steele,  Fort,  Wyo  . 

Gaston,  Fort,  Cal 

Hamilton,  Fort.  N.  Y  . . . 

Keogh,  Fort,  Mont 

Klamath,  Fort,  Orcp; 

Lewis,  Fort,  Colo 

LTon,  Fort,  Colo 

Madison  Barracks,  N.  Y 

Mason,  Fort,  Cal 

McDermit,  Fort,  Nov... 
MoDowell,  Fort,  Ariz... 

McHenry,  Fort,  Md 

Meade,  Fort,  Dak 

Mojave,  Fort,  Ariz 

Monroe,  Fort,  Va 

Mount   Vernon,    Bar* 

racks,  Ala 

Niajrara,  Fort,  N.  Y 

Pembina,  Fort,  Dak  . . . . 
Plattsborg  Barracks, 

N.Y 

Preble,  Fort,  Me 

Presidio   of  San   Fran* 

Cisco,  Cal 

Bandall,  Fort,  Dak 

Bene,  Fort,  Ind.  T 

Hobinson,  Fort,  Kebr  . . . 
Saint  Angnstine,  Fla . . . . 

Shaw,  Fort,  Mont 

Sisseton,  Fort,  Dak 

Snellinff,  Fort,  Minn 

Snlly,  Fort,  Dak 

Totten,  Fort.  Dak 

Townsend,  Fort,  Wash  . 

Union,  Fort,  N.  Mex 

West  Point,  N.  Y 

Wingate,  Fort,  K.  Mex  . 
Yates,  Fort,  Dak 


Jauoary. 


February. 


Mar 

Min. 

Max. 

0 

0 

0 

38 

—42 

42 

58 

40 

00 

09 

42 

82 

45 

— «5 

51 

80 

20 

75 

57 

38 

GO 

57 

2 

66 

96 

—41 

41 

50 

—14 

50 

80 

20 

84 

46 

—50 

44 

GL 

5 

44 

74 

—  2 

79 

03 

5 

52 

48 

—25 

55 

47 

-21 

47 

70 

28 

70 

58 

3 

48 

44 

—50 

50 

47 

4 

72 

M 

—14 

54 

05 

—24 

08 

52 

—30 

40 

04 

43 

07 

49 

8 

51 

77 

16 

81 

02 

8 

45 

(') 

(») 

05 

73 

30 

81 

07 

16 

62 

76 

16 

81 

52 

—  8 

40 

39 

—46 

40 

52 

—17 

35 

49 

—10 

39 

07 

37 

73 

52 

—33 

56 

62 

—  5 

70 

55 

—25 

55 

79 

35 

77 

48 

-29 

56 

40 

-37 

41 

42 

—43 

42 

56 

—34 

57 

35 

—40 

87 

62 

26 

62 

05 

—24 

65 

00 

—10 

(') 

49 

—  6 

(») 

45 

-34 

49 

Min. 


March. 


Max. 


—35 
45 
44 

-24 
23 
41 
21 

—39 
5f| 
86 

— 32e 

Zcrob 

-3l 
—20 
—14 
33 

—  2 
—28 

8 
Zero. 

—  5 
—21 

47 
10 
20 
1 
—19 
83 
10 

15 
—12 
—34 

-27 
—16 


—25 

Zero. 

—24 

34 
— » 
—36 
—31 
-26 
—35 

38 

—  6 

(») 

(') 
-^2 


49 
75 
0! 
70 
79 
76 
75 
39 
60 
85 
60 
56 
83 
53 
64 
62 
83 
53 
64 
60 
54 
75 
46 
75 
70 
88 
61 
64 
86 
GO 

80 
48 
41 

46 
49 

78 
68 
81 
69 
82 
71 
40 
60 
07 
39 
66 
60 
53 

0) 
56 


Min. 


—15 
43 
48 

0 
81 
47 
20 
—27 
10 
47 

1 

7 
30 

5 
10 

—  6 
32 

5 
2 
17 
13 
17 
—21 
49 
24 
36 
10 

—  1 
30 
18 

25 

—  3 

-r25 

—22 
7 

43 
Zero. 

20 
Zero. 

34 

0 

—10 

—  7 
8 

—20 

39 

7 

—  5 

(») 
—10 


April. 

May. 

Max. 

Mix. 

Max. 

Min. 

0 

0 

0 

0 

74 

16 

84 

22 

74 

86 

72 

47 

86 

46 

81 

48 

80 

11 

87 

11 

87 

41 

01 

48 

82 

45 

.02 

53 

75 

31 

(•) 

0) 

70 

—  5 

84 

20 

02 

20 

75 

22 

i*r 

67 

04 

63 

0) 

(») 

(•) 

79 

27 

81 

30 

03 

42 

03 

45 

70 

21 

82 

37 

72 

18 

«H 

18 

72 

10 

70 

28 

89 

35 

08 

38 

78 

22 

83 

36 

80 

21 

£8 

17 

76 

13 

85 

10 

68 

16 

V 

31 

84 

24 

00 

33 

77 

16 

83 

29 

76 

50 

76 

51 

80 

20 

88 

27 

08 

31 

110 

46 

78 

30 

80 

42 

78 

S? 

82 

20 

07 

56 

107 

0) 

76 

83 

8J 

40 

01 

34 

01 

40 

78 

18 

78 

20 

G8 

—12 

81 

22 

82 

14 

81 

28 

00 

28 

72 

30 

78 

39 

78 

43 

81 

18 

00 

25 

88 

33 

87 

37 

77 

22 

80 

18 

87 

47 

88 

55 

77 

17 

85 

22 

60 

11 

81 

20 

74 

16 

86 

25 

81 

23 

80 

27 

74 

5 

86 

20 

73 

40 

70 

28 

76 

24 

82 

83 

(») 

0) 

(») 

(') 

(') 

(') 

84 

32 

70 

20 

89 

24 

Jane. 


Min. 


00 
67 
88 

03 
09 

82 

(») 
81 
80 
03 

(') 
91 

107 
00 
01 
87 
01 
03 
97 
85 
79 
07 
86 
81 
01 

108 
01 
84 

108 
02 

88 
82 
89 

89 

81 

67 
08 
03 
88 
01 
91 
8^ 
87 
05 
88 
7* 
87 
02 
88 
93 


46 

48 
51 
33 
65 
53 

0) 
Xl 
20 
70 

(•) 
62 
62 
65 
32 
30 
40 
50 
35 
27 
20 
46 
39 
51 
31 
63 
55 
37 
71 
57 

», 
44 

50 

44  j 

38 

59 

3» 

€S 

35 

32 

33 

3S 

35 

44 

37 

43 

41 

33 


1  Ko  record. 
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APPENDIX   35. 

degrees  Fahrenheit)  at  milUary-poat  hospitaUfor  the  year  endk^  Deoeniber  21, 1685. 
inj;  thormomoters.] 


July. 

Aof^st. 

SepUunber. 

October. 

NoTember. 

December. 

Annnal 

range. 

Mas. 

Min. 

Max. 

Miu. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

\r<ti- 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

lOO 

50 

90 

38 

100 

30 

84 

13 

65 

8 

67 

—11 

142 

70 

48 

70 

49 

78 

50 

69 

60 

66 

40 

00 

44 

42 

03 

49 

84 

50 

00 

52 

80 

5L 

73 

42 

76 

43 

64 

06 

37 

99 

37 

90 

29 

86 

14 

72 

11 

07 

—18 

144 

.") 

(') 

(») 

(') 

(') 

(•) 

(•) 

(•) 

(') 

(•) 

(») 

(») 

M 

'  57 

98 

5.1 

02 

55 

U2 

63 

75 

45 

63 

43 

'oo 

UJ 

50 

94 

5:J 

88 

33 

80 

27 

74 

20 

00 

16 

« 

68 

41 

SI 

42 

83 

34 

67 

12 

53 

20 

42 

—15 

i29 

DO 

Hi 

92 

30 

80 

29 

74 

16 

56 

—  6 

55 

—  3 

100 

i)U 

71 

9(> 

70 

94 

68 

93 

65 

88 

40 

(») 

0) 

(') 

<">.. 

91 

38 

98 

30 

(') 

(•) 

(') 

(») 

(•) 

(•) 

1*5 

37 

bJ 

51 

85 

44 

75 

33 

68 

20 

50 

14 

05 

lUG 

05 

105 

62 

96 

53 

04 

37 

88 

25 

81 

15 

109 

97 

GO 

90 

47 

84 

42 

77 

35 

60 

24 

66 

11 

100 

1)7 

38 

95 

33 

91 

22 

82 

22 

70 

0 

58 

—15 

122 

1)4 

40 

02 

33 

87 

31 

75 

11 

6i 

4 

56 

—20 

116 

106 

45 

108 

45 

00 

40 

01 

28 

70 

30 

69 

.  28 

80 

(') 

(») 

(•) 

(') 

(') 

O 

<'l 

(') 

(') 

(') 

(') 

(») 

104 

48 

98 

30 

09 

31 

86 

12 

67 

3 

00 

—16 

164 

00 

•JO 

90 

37 

00 

20 

91 

16 

67 

11 

52 

14 

92 

89 

41 

89 

40 

82 

30 

75 

17 

63 

12 

67 

—  2 

103 

105 

54 

102 

54 

96 

38 

85 

24 

80 

20 

75 

—  0 

129 

00 

44 

85 

40 

78 

28 

72 

17 

71 

6 

64 

8 

120 

74 

53 

80 

50 

77 

51 

71 

51 

65 

48 

64 

43 

88 

94 

47 

102 

40 

92 

35 

86 

26 

65 

18 

60 

er 

07 

114 

70 

110 

67 

111 

62 

104 

30 

04 

84 

83 

20 

100 

97 

60 

91 

52 

84 

47 

74 

38 

70 

33 

02 

15 

00 

09 

45 

95 

40 

04 

37 

81 

22 

66 

20 

09 

—  2 

115 

58 

115 

53 

112 

50 

103 

42 

85 

41 

70 

82 

85 

95 

50 

93 

02 

86 

48 

80 

41 

78 

86 

05 

21 

86 

98 

59 

99 

61 

93 

64 

85 

35 

80 

26 

72 

27 

84 

88 

48 

80 

50 

82 

40 

76 

81 

63 

26 

52 

7 

100 

94 

38 

90 

27 

83 

25 

78 

18 

44 

8 

40 

—24 

140 

95 

50 

83 

43 

81 

37 

07 

24 

62 

3 

61 

1 

122 

8G 

57 

79 

53 

70 

41 

05 

36 

67 

20 

64 

10 

303 

78 

48 

83 

48 

88 

47 

74 

46 

0) 

(') 

00 

80 

107 

43 

91 

39 

93 

83 

83 

20 

66 

0 

01 

-16 

140 

98 

GL 

99 

53 

92 

62 

88 

28 

85 

21 

72 

—  2 

104 

100 

50 

90 

38 

96 

35 

88 

0 

74 

11 

74 

—13 

125 

92 

.71 

93 

70 

89 

07 

84 

64 

83 

33 

74 

28 

00 

05 

36 

97 

39 

01 

32 

76 

21 

64 

0 

05 

—  1 

120 

92 

40 

89 

33 

90 

27 

80 

12 

60 

6 

60 

—10 

133 

94 

62 

87 

38 

88 

33 

81 

22 

66 

11 

63 

—21 

187 

104 

45 

99 

40 

07 

37 

86 

21 

66 

13 

03 

—  8 

138 

92 

41 

88 

37 

07 

20 

80 

22 

45 

4 

41 

—22 

137 

80 

40 

85 

40 

75 

42 

69 

30 

62 

82 

00 

26 

01 

91 

48 

94 

44 

82 

30 

82 

11 

75 

10 

05 

—  9 

118 

100 

50 

91 

40 

80 

40 

73 

23 

70 

10 

67 

5 

90 

49 

03 

40 

88 

38 

80 

24 

70 

18 

03 

8 

07 

38 

97 

41. 

08 

30 

87 

8 

68 

8 

50 

—16 

iaa 

>  No  record. 
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APPE  N  DIX    36. 

Monthlif  and  annual  mean  Umperainre  (in  degrees  FahrenkHt)  at  miUiary  post  koepUaU 

for  the  year  ending  December  31,  1885. 

[The  daily  mean  is  obtained  by  dividing  the  Bam  of  the  7  a.  m.,  2,  and  twice  the  9  p.  m.  (local  time  I 
obaenrationa  by  4 ;  the  monthly  oy  diTldlng  the  snm  of  the  daily  by  the  namber  of  days  in  the  month .  ] 


Stations. 


Abraham  Lincoln,  Fort,  Dak 

Alcatras  Island,  Cal 

▲nffellsiand,  Cal 

Assinaboine,  Fort,  Hont 

Barrancas,  Fort,  Fla 

Benioia  Barracks,  Cal 

Bidvell.  Fort,  Cal 

Brady,  Fort,  Mich 

Bridger^ort,  Wyo 

Brown,  Fort,  Tex 

Baford,  Fort,  Dak 

Colambus.  Fort,  N.  Y.  H 

Concho,  Fort,  Tex 

David's  Island,  N.  Y 

Ellis,  Fort,  Hont 

Fred  Steele,  Fort,  Wyo 

Gaston,  Fort,  Cal 

Hamilton,  Fort.  N.  Y 

Keogh,  Fort,  Mont 

Klamatb,  Fort,  Oreg 

Lewis,  Fort,  Colo 

Lyon,  Fort,  Colo 

Madison  Barracks,  K.  Y 

Mason,  Fort,  Cal , 

McDwmit,  Fort,  Nev , 

McDowell,  Fort,  Ariz 

Moflenry,  Fort,  Md 

Meade,  Fort,  Dak , 

Mi^ave,  Fort,  Aris 

MonrocLFort,  Va 

Mount  Vernon  Barracks,  Ala 

Niagara,  Fort,  N.  Y 

Pembina,  Fort,  Dak 

Plattsbnrg  Barracks,  K.  Y . . . 

Preble,  Fort,  Me 

Presidio  of  San  Francisco,  Cal 

Randall,  Fort,  Dak 

Reno,  Fort,  Ind.  T 

Robinson,  Fort,  Kebr 

Saint  Angnstine,  Fla 

Shaw,  Fort,  Mont 

Sisseton,  Fort,  Dak 

Snclllng,  Fort,  Minn 

Sully,  Fort,  Dak 

Totten,  Fort,  Dak 

Townsond,  Fort,  Wash 

Union,  Fort,  K.  Mex 

West  Point,  N.Y 

Wingate,  Fort,  K.  Mex  .... 
Yatoa,  Fort,  Dak 


3 


—3.4 
49.0 
6a9 
11.1 

52.6 
47.2 
32.9 
6.4 
21.2 
63.4 
—2.0 
28.9 
37.2 
31.6 
18.9 
20.0 
45.3 
29.8 

a2 

28.8 
17. « 
17.0 
19.6 
63.2 
27.6 
47.0 
80.7 

(») 
48.7 
40.6 
49.9 
21.0 
-10.0 
16.6 
21.0 
49.7 

9.4 
25.8 
19.4 
68.6 
17.0 

2.7 
—0.8 

6.0 
—6.4 
40.6 
29.2 
27.9 
28.2 

2.2 


o 

—0.9 
63.2 
65.0 
10.7 
62.0 
643 
40.0 
4.4 
27.5 

6ao 
3.0 

23.1 
45.7 
23.5 
24.2 
2(i.2 
60. 9 
22.9 
17.8 
35.6 
26.7 
29.8 
10.6 
66.6 
85.8 
62.2 
24.6 
12.2 
6a6 
85.8 
49.8 
13.6 
9.1 
7.2 
17.7 
63.5 
13.5 
33.0 
22.6 
65.0 
24.2 
L4 
4.6 
10.6 
—8.8 
47.0 
83.6 
(») 

(») 
4.1 


I 


23.4 
64.7 
69.2 
40.1 
57.6 
67.7 
40.0 
7.8 
84.4 
66.1 
29.8 
29.5 
65.6 
28.9 
84.2 
32.6 
65.3 
3a  1 
87.8 
41.8 
84.0 
43.0 
18.0 
6a6 
44.8 
62.2 
82.4 
81.9 
68.8 
89.4 
66.6 
2L6 
14.4 
16.6 
23.8 
55.1 
84.6 
47.4 
37.3 
68.0 
41.8 
22.7 
24.2 
34.0 
18.7 
60.7 
89.1 
2a  7 

0) 
27.8 


42.8 
69.4 
69.4 
40w2 
6a3 
68.8 
61.4 
35.4 
41.4 
75.6 

0) 
47.5 
67.8 
46.5 
42.6 
43.3 
67.8 
47.0 
47.1 
45.0 
40.0 
67.1 
8&8 
59.6 
4a2 
67.2 
62.2 
46.4 
73.7 
64.2 
60.2 
89.0 
87.2 
40.1 
42.0 
66.8 
60.1 
60.8 
47.0 
6&0 
44.8 
41.9 
43.6 
49.0 
89.6 
61.8 
4&1 
(») 
0) 
45.6 


I 


66.8 
56.2 
60.1 
67.4 
74.9 
62.6 

(») 
60.0 
46.7 
77.9 

<») 
66.6 

71.1 
65.0 
50.8 
60.0 
63.4 
56.5 
67.9 
62.1 
48.9 
60.9 
64.6 
62.8 
65.1 
75.1 
62.2 
64.2 
82.9 
63.7 
73.6 
60.7 
6L8 
64.8 
63.9 
56.6 
60.9 
64.0 
55.9 
73.8 
64.0 
63.1 
57.4 
58.4 
62.0 
66.8 
62.4 

(>) 

57.2 

58.2 


6 


o 

65.8 
55.6 
CL7 
64.3 
63.9 
63.0 

(') 
68.8 
65.6 
83.3 

(») 

68.5 

84.0 

67.5 

6a4 

62.2 

63.4 

67.4 

66.8 

64.9 

65.9 

74.6 

61.7 

6L8 

59.8 

83.3 

70.6 

62.2 

86.1 

73.4 

81.2 

62.7 

6L8 

63.3 

65.6 

66.6 

69.2 

75.0 

06.2 

79.4 

69.8 

63.2 

67.4 

67.7 

61.8 

60.3 

64.8 

68.7 

64.6 

66.1 


a 


72.1 
67.8 
61.0 
67.6 

(») 

66u4 

70.6 

65.6 

67.7 

75.0 

<») 
74.8 

86.0 
73.3 
65.9 
69.7 
73.1 

0) 

73.1 

63.1 

65.8 

79.2 

69.8 

60.0 

72.6 

92.9 

77.8 

71.2 

94.8 

79.9 

81.6 

70.7 

65.1 

69.1 

70.6 

60.6 

76.6 

81.2 

73.6 

80.7 

04.8 

09.6 

72.7 

76.9 

67.2 

65.3 

70.0 

76.0 

70.4 

72.0 


P 


03.9 
55.9 
60.1 
66.1 

(») 
67.2 
72.1 
68.8 
63.0 
83.2 
63.6 
71.7 
86.5 
70.2 
62.2 
63.0 
72.6 

0) 
67.0 
62.7 
64.1 
7a  8 
63.8 
6a9 
72.9 
91.7 
72.9 
65.1 
94.8 
77.8 
80.9 
65.9 
69.9 
64.3 
65.5 
57.5 
67.9 
77.8 
70.7 
79.4 
63.1 
62.3 
65.1 
67.6 
61.6 
63.0 
67.4 
69.8 
67.8 
65.6 


I 


68.8 
56.6 
62.0 
6&2 

(») 

68.9 

63.8 

65.4 

54.3 

8L1 

56.3 

64.6 

77.1 

63. 

54.4 

57.1 

65.7 

0) 
58.2 
52.2 
55.4 
67.8 
6a6 
69.9 
02.2 
84.0 
64.6 
"BO.? 
85.8 
70.2 
77.6 
60.2 
63.7 
56.5 
58.0 
58.5 
63.8 
71. 
62.7 
79.2 
56.8 
5^2 
59.7 
62.7 
56.4 
58.8 
63.2 
63.9 
62.0 
60.0 


I 

O 


o 

43.6' 
56.6 
60.3 
46.7 

(») 

63.3 

67.6 

43.3 

44.3 

74.3 

0) 

64.6 

66.0 

51.3 

45.8 

44.3 

00.9 

(^ 

47.6 

47.5 

47.9 

6L9 

47.7 

68.6 

55.2 

72.8 

Sf.6 

48.3 

73.4 

60.2 

64.1 

40.4 

86.6 

46. 0; 

60.2 

67. 8f 

4&4 

67. 6| 

49.4 

6a9i 

47.3 

42.61 

43.8. 

47:71 

40.6 

62.6 

62.0 

53.6 

51.6 

43.9 


I 

• 


'*1 


o 

30.0 
66.3 
55.7 
39i3 

(») 

56L0 

4L2 

34.0 

33.4 

70.0' 

(') 
44.8 
67.8 
45.2 

sao 

85.0 
47.0 

(») 
3a9 

3a6 

34.7 

4a  1 

sas 

65.5 

8a7 

60.3 
47.9 
40.2 
6L8 

sas 

67.4 
41.6 

2ao 

85. 8J 

4a 
3a8 

61.6 
40.7 
61.2 
42.0 
2a4 
34.0 
3a6 
2a  4 

4a2 

42.9 
41.7 

4a6 

3L8 


o 
22.7 

sa4 

63.9 
3L5 

(») 

50.6 

37.8 

22.1 

26.8 

(•) 

0) 

35.5 

51.8 

3a4 

81.1 

2ao 

47.6 

0) 

20l6 

84.8 

29.4 

84.5 

2a3 

sai 

84.6 

52.8 
.8a4 

aas 
55.8 

42.8 
50.5 

sai 

0.6 
21.8 
29.2 
52.9 
29.4 
41.2 

aa? 
6a  5 
sas 
ia7 

21.8 

2a2 

14.1 
45.3 

sao 

32.9 
84.6 

2ai 


0 
s 
c 

< 


sao 

66.2 
45i4 


sa 


3a7 

4X0 


50.0 
65.5 

4a  4 

4X8 
44.1 

sas 


4&8 

4a2 

4X4 
5S.9 
42.S 

sas 
sas 
Tai 

52.7 


7X8 
57.3 

6a9 

4X0 
84.7 
41.0 
44.8 

'4a6 
S7.2 
4a3 

7a  3 

45^9 
3a7 

4L1 

4ai 

8&8 
5X4 
4X7 


41.8 


1  Ko  rdcord. 
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APPENDIX   37. 

Monikly  and  ann%Ml  'n\ean  temperatures  (in  degrees  Fahreidieit)  at  atatUmi  on  the  Cmtral 
Pacmo  and  Southern  Pacific  Bailroads  and  connecting  hranches,for  the  yeair  ending  Z>d- 
cember  31,  1885. 

fThe  daily  mean  is  obtained  bv  dividing  the  Bum  of  the  maximam  and  minimnm  tempeiatiires  by  2; 
the  monthly,  by  dividing  the  sum  of  the  daily  by  the  number  of  days  in  the  month.] 


Stations. 


Alta,  Cal 

Anaheim,  Cal 

Antioch,  Cal 

Aptoe,  Cal 

Aubnm,  Cal 

Battle  Mountain,  Nov 

Benson,  Ariz 

LSeowawe,  Kev 

UUhopCreelc.  Cal 

Blue  Creek,  Utah 

Booa.Cal 

Bonlen,  Cal 

Brentwood,  Col 

Brighton.  Cal 

Brown,  Nev .......... ••.•.•>< 

Byron,  Cal 

Cobason,  Cal 

Callente,  Cal 

Caliatoga,  Cal 

Carlin,  Nov 

CasaQrande,  Aria 

Chico,  Cal 

ChnsUar,  Cal 1... 

Cisco.  Cal 

Colfax,  Cal 

Colton,  Cal 

Corinne,  Utah........... 

Davisville,  Cal 

Delano,  Cal 

Delta,  Cal 

l>eming,  N.  Mex 

I)iinnigan,  Cal 

Elko,  Kev 

El  Paso,  Tex 

Emigrant  Gap,  Cal 

Farmington,  Cal 

Fresno  City,  Cal 

Gait,  Cal 

Gilroy,  Cal 

Uolcmraa,  Nev 

(}oehen,  Cal 

Ilalleck,  Nev 

Hawthorne,  Nev 

Ilollister,  Cal 

Hotel  del  Monte,  Cal 

Hot  Springs,  Nov 

Humboldt,  Nov 

Indlo,  Cal 

I  one,  Cal  • 

Kceler,  Cal 

Keene,  (^al 

Kolton,  Utah 

*  No  record. 


0 

I 


42.0 
64.9 
43.0 
49.2 
44.6 
30.9 
45.2 
30.0 
42.4 
24.3 
30.2 
45.6 
47.2 
47.2 
34.0 
47.0 
60.8 
47.7 
48.0 
24.6 
49.5 
49.4 
60.4 
30.0 
46.3 
62.2 
25.0 

(') 

63.2 

43.0 

44.5 

47.0 

27.4 

41.9 

36.5 

45.2 

63.1 

40.9 

50.0 

39.1 

47.1 

26.0 

87.4 

52.4 

49.9 

86.1 

33.8 

62.3 

48.0 

(•) 
45.0 

24.4 


47.7 
59.3 
53.2 
6L1 
51.3 
40.3 
51.8 
39.4 
50.0 
83.8 
3S.8 
68.1 
66.5 
63.8 
43.2 
55.7 
67.6 
68.0 
61.1 
33.9 
56.0 
64.5 
60.6 

(») 

61.0 

64.9 

35.9 

64.9 

56.9 

46.8 

48.5 

55.0 

35.4 

48.5 

89.8 

55.7 

53.5 

52.8 

52.5 

47.2 

52.2 

41.3 

43.6 

55.9 

52.5 

43.9 

40.6 

61.4 

52.9 

52.5 

45.1 

ORG 


A 
V 


54.4 
68.0 
58.2 
55.4 
56.3 
45.8 
69.4 
47.2 
59.1 
45.2 
46.0 
59.0 
61.7 
6L1 
6L4 
60.9 
02.8 
61.7 
68.3 
40.0 
67.1 
63.9 
55.6 
42.3 
65.0 
69l0 
45.8 
59.0 
63.0 
63.9 
60.1 
62.3 
39.2 
54.5 
46.6 
61.6 
68.3 
50.4 
68.6 
54.2 
58.6 
46.2 
48.6 
59.3 
56.0 
61.6 
40.2 
64.1 
58.2 
58.3 
63.2 
45.3 


49.8 
68.8 
02.1 
67.7 
56.0 
51.3 
65.4 
52.1 
63.7 
56.7 
44.6 
69.0 
62.7 
62.7 
68.8 
62.4 
61.7 
61.4 
62.2 
46.0 
71.5 
65.1 
66.0 
42.5 
54.1 
62.4 
56.1 
01.9 
05.8 
57.0 
69.6 
65.8 
43.2 
66.3 
44.5 
63.4 
64.6 
64.2 
69.5 
60.4 
04.8 
50.2 
52.3 
60.7 
58.4 
55.1 
52.7 
73.4 
61.0 
83.1 
54.0 
.'ir>.  C 


63.0 
68.0 
68.0 
61.7 
64.0 
68.0 
70.3 
59.5 
76.0 
01.8 
52.4 
08.1 
70.7 
89.4 
08.2 
71.9 
09.9 
00.9 
68.3 
54.4 
80.2 
73.0 
5&4 
61.5 
64.9 
67.4 
63.0 
70.0 
71.9 
67.6 
76.7 
73.9 
55.8 
73.3 
53.6 
67.1 
73.2 
72.5 
65.1 
67.2 
73.6 
60.0 
60.1 
66.2 
50.4 
62.8 
62.8 
83.6 
65.9 
74.1 
02.3 
02.4 


I 


o 

02.8 
72.0 
08.4 
05.4 
66.3 
66.1 
83.2 
64.3 
77.2 
68.8 
53.6 
74.1 
73.2 
70.1 
74.5 
74.5 
73.0 
74.1 
68.6 
60.0 
01.6 
70.5 
58.8 
51.3 
08.0 
70.4 
70.0 
72.6 
77.9 
67.4 

(') 

74.7 

59.8 

86.2 

54.1 

69.1 

78.2 

72.5 

65.1 

70.2 

78.1 

70.1 

64.0 

00.0 

69.4 

69.8 

66.0 

83.0 

67.1 

7&9 

64.6 

67.8 


I 


(») 

78.9 

74.5 

64.9 

73.8 

77.3 

87.7 

7&2 

89.0 

84.6 

62.9 

86.4 

77.6 

74.6 

86.2 

83.2 

83.8 

79.0 

60.4 

72.1 

94.7 

84.4 

68.9 

64.5 

75.4 

82.0 

80.6 

76.0 

84.2 

78.4 

8a7 

81.3 

60.0 

88.8 

67.2 

80.5 

8a2 

7a  4 

60.0 

61.2 

82.0 

73.9 

80.6 

68.8 

62.6 

76.7 

73.4 

92.7 

78.2 

80.6 

74.6 

75.7 


I 

0 


I 


o 

0) 

75.9 
75.7 
63.5 

7a  1 

74.7 
83.0 
73.9 
8a  2 
79.8 
64.2 
8a8 
77.6 
7a  1 
81.3 
82.8 
86.3 
8a2 
72.6 
72.6 
94.6 

0) 

66.2 

67.2 

7a  2 

87.4 

74.3 

80.1 

89.2 

7a  9 

87.0 

84.6 

6a3 

85.4 

69.2 

82.6 

8a3 

80.6 

69.0 

81.4 

8a5 

7a  8 

81.8 

07.4 

00.3 

7a  6 

72.1 

04.7 

80.7 

85.4 

77.8 

(') 


72.8 
73.7 
00.2 
72.8 

oas 
7a  1 
oao 
7a  4 
00.6 
6a7 

70.0 
75.7 

7a  2 

70.5 

7a  1 

79.4 
74.8 
07.0 
50.6 

8ao 

7a  1 
84.0 
50.3 
0) 

7a  3 

05.2 

7a  4 

70.0 

(») 

81.2 

70.5 

00.1 

81.0 

82.2 

7a  2 

0) 

7a  0 
oa4 

72.0 
81.0 
03.2 

7a  9 
6a2 
6a  1 
oa2 
oas 
8ao 
7a  9 
7a  0 

71.5 
03.3 


oao 

07.0 
60.8 
04.6 
52.8 
07.6 
63.0 
65.3 

sao 

(») 

75.9 

6a  1 

69.8 

58.0 

67.3 

(•> 
6a8 
60.1 
4a  0 

7a  3 
7a  8 

61.0 
57.8 
63.2 
7a  9 
60.2 
69.2 
6a6 

(») 
72.4 
6a  4 
47.0 
60.1 
6a2 
6a  1 

6a  7 

67.4 
63.4 
62.3 
71.8 
4a  1 
58.8 
64.8 

sai 

63.8 
52.3 
7a  2 
62.7 
6a8 
63.3 
47.3 


I 


62.7 
62.0 

5ao 

62.5 
4a  2 
50.4 
43.7 
48.0 
42.1 

4a  6 

64.0 

00.8 
00.7 
45.0 
65.8 

(') 

68.3 

64.8 

4a  8 

67.0 

64.9 

57.0 

84.7 

4a  4 

oa7 
sas 

67.4 

(') 

4a5 

67.2 
64.3 
88.8 
65.7 
3a  5 

5ao 
5a  0 
54.0 

65.0 

4ao 

64.3 
42.0 
4a  5 
58.0 
6a6 

4a  4 
4a  9 

04.8 
57.0 

(») 
64.2 

4a  8l 


sao 
0) 

63.7 
4a  8 
35.6 
50. 4I 

3a  1 

44.1 
20.7 
3ai 

4a  8 

(») 

65.3 
3a  8 
(') 
(•) 

4a4 

62.8 
33.8 
66.0 
51.4 

(') 
35.8 
4a  7 

6ai 

31.3 
51.8 
51.0 
41.7 
4a  1 
47.2 
31.7 
4a4 
41.0 
62.1 
62.1 
64.0 
50.8 

4ao 
sai 

31.4 

3a  2 
55.7 

64.0 
41.8 

4a  8 

67.6 

4a  6 

(») 

6a  6 
3a8 


i 
I 


oas 

» ■  •  •  ■ 

6a2 

60.7 
5X5 
07.8 
68.4 
04.8 
64.3 

>  •  •  •  • 

oat 

> '  •  • 

65.1 
50.8 


oao 

01.0 

4a8 

74.7 


07.1 
63.1 


oa2 
4ao 

00.5 

5a9 

04.0 

•  •  •  •  ■ 

64.8 
60.6 
60.8 
6a8 
62.6 
56.0 
62.0 
57.2 
67.0 
53.0 
74.6 
63.0 


60.0 


'  Discontinnod. 
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Monthly  and  annual  mean  iempcratmres  {in  degrcct  Fahrenheit),  at  stations  on  (he  Central 

Paoifio  and  Sovthem  Paoifio  Bailroads,  4rc — Contmncd. 


fftl^fl^ynf. 


Kingsborg,  Cal 

KnMit's  Landing,  Cal 

Lat&op,  Cal 

Lemoore,Cal 

Livetmore,  Cal 

Lordslrarff,  N.  Mez. . . . 

Loa  Anguea,  Cal 

MammoUi  Tank,  Cal . . 

Marioopa,  Aria 

Martlnea.  Cal 

MaryaTUie.  Cal 

Henlo  Park,  Cal 

ICeroed,  Cal 

Kod6ato,Cal 

Hq)aT6,Cal 

Monterey,  Cal 

Kapa  City,  Cal 

Newhall/Cal 

Nilea,Cal 

Oakland.  Cal 

Otfden  City,  Utah 

Onand.Cal 

Pidaro,  Cal 

Paliaade,NeT 

Pantano,  Aria 

Petalnma,  Cal 

Pleasanton,  Cal 

Promontory,  Utah 

lUvenna,  Cal 

lied  Blt^,  Cal 

lledding,Cal 

Itono,  Nev 

Rooklin,  Cal 

Sacramento,  Cal 

Salinaa,  Cal 

San  Fernando,  Cal . ... 

San  Joe^Cal 

San  Mateo,  Cal 

San  Simon.  Aria 

Santa  Cras,  Cal 

Santa  Monioa,  Cal 

Soledad,Cal 

Soqael.  Cal 

Sooth  YaIl<^o,  Cal 

Spadra,  Cal 

Stockton,  Cal 

Saisan  City.  Gal 

SommittCal 

Samnor,  Cal 

Tocoma,  Nev 

Tehama.  Cal 

Tehachapi,  Cal 

TennantfCal 

Terrace,  Utah 

ToraaHiU,  ArU 

Toano,  Nev...; 

Towiea,Cal 

Tracy,  Cal 

Trnokee,  Cal 

Tuoion,  Aria 

Tulare,  Cal 

Tnrlook,Cal 

Wadaworth,  Kev . . . 

Wella,Nev 

WUljox,  Aria 

WllUama,Cal 

WlUowTCal 

WinnemnooaL  Kev ., 

WoodUuid.Cal 

Yama,  Aria 


••••■••I 


51.6 
50.7 
40.5 
46.7 
54.4 
30.3 
60.8 
54.6 
62.4 
46.8 

(>) 

47.8 

60.7 

47.9 

43.6 

60.5 

46.6 

46.7 

48.1 

49.8 

25.8 

62.2 

49.8 

23.8 

60.7 

60.4 

49.2 

15.7 

45.1 

49.1 

63.1 

42.8 

45.6 

(») 

47.6 

53.8 

49.4 

47.6 

41.3 

62.7 

(») 
47.5 
53.2 
52.7 
47.6 
47.0 
46.9 
28.1 
50.6 
23.8 
49.3 
37.2 
48.8 
25.6 
49.3 
19.5 

(>) 
49.1 
27.6 
49.2 
61.0 
49.0 
35.0 
20.9 
89.3 
46.8 
45.2 
82.3 
47.7 
54.0 


66.8 

52.  G 

53.5 

50.8 

55.5 

45.2 

60.6 

64.4 

66.5 

50.4 

56.8 

51.6 

55.3 

54.4 

52.0 

53.5 

51.1 

60.7 

53.2 

53.4 

37.1 

67.4 

50.0 

37.2 

53.4 

56.0 

55.0 

38.1 

4&1 

55.1 

58.5 

40.0 

53.1 

64.6 

49.0 

58.5 

51.8 

51.0 

46.7 

54.5 

(») 
51.0 
49.0 
57.7 

(0 

53.5 

54.8 

31.6 

52.7 

85.3 

62.9 

38.8 

52.2 

37.1 

67.1 

32.3 

(') 
56.3 

84.3 

0) 

59.8 

53.7 

46.7 

83.0 

41.7 

54.6 

47.2 

39.6 

66.4 

60.1 


I 


1 

< 


59.4 
58.7 
58.2 
59l3 
55.9 
54.4 
65.3 
67.0 
64.7 
56.0 
64.9 
65.3 
647 
60.7 
53.7 
55.9 

5ai 

57.1 

67.4 

56.0 

45.0 

60.0, 

56.0 

41.9 

60.3 

59.0 

58.7 

44.3 

54.5 

62.3 

66.5 

41.7 

55.6 

60.3 

53.7 

60.9 

55.6 

53.5 

57.8 

58.6 

62.9 

56.8 

53.9 

61.0 

65.6 

52.8 

60.5 

30.3 

02.8 

45.3 

59.9 

45.0 

67.6 

43.3 

68.0 

43.1 

i}) 

60.7 

39.8 

66.3 

64.4 

64.7 

50.7 

42.3 

54.5 

60.3 

65.8 

46.4 

63.6 

71.4 


61.5 
6.1.9 
61.4 
63.6 
56.4 
64.4 
66.0 
76.8 
70.3 
59.3 
66.6 
58.5 
64.6 
63.4 
59.3 
59.0 
50.4 
60.2 
61.9 
57.8 
56.3 
66.8 
5a  0 
52.2 
66.0 
60.1 
62.8 
55.3 
59.8 
63.9 
63.0 
4&3 

5ao 

62.6 
61.0 
61.1 
55.5 
56.6 
66.0 
60.6 
65.8 

(») 

53.0 

65.3 

66.9 

61.8 

62.2 

39.2 

67.3 

59.5 

62.1 

52.7 

60.3 

57.3 

75.5 

49.5 

i}) 
65.3 

42.8 

75.4 

64.8 

08.2 

55.7 

50.5 

62.9 

62.3 

65.0 

63.7 

65.5 

74.8 


I 


d 
5 


71.5 
67.3 
65.7 
72.4 
50.2 
74.7 

eao 

85.0 
83.0 
65.4 
73.8 
62.4 
72.7 
76.8 
68.6 
60.9 
66.6 
62.3 
63.4 
5&4 
62.5 
75.7 
60.3 
58.6 
75.8 
62.8 
67.1 
62.9 
65.7 
71.8 
73.8 
63.0 
66.0 
69.1 
61.3 
64.1 

i}) 
60.2 

79.1 
62.4 
66.4 
63.6 
51.4 
67.0 
68.2 
64.0 
64.4 
43.3 
69.6 
63.7 
70.5 
60.0 
63.8 
6L8 
86.2 
52.6 

(») 

76.5 

49.8 

79.1 

71.1 

76.5 

(») 

66.7 

72.3 

72.6 

71.6 

60.8 

72.9 

81.8 


73.4 
09.7 
G0.1 
71.8 
57.1 
84.1 
70.6 
90.2 
90.5 
64.2 
71.6 
63.4 
78.8 
78.9 
73.2 
60.2 
63.4 

6ai 

63.3 
58.4 
71.0 
75.7 
59.9 
62.8 
80.3 
61.8 
57.1 
70.7 
67.1 
72.5 

<'>. 
64.4 

69.2 

70.8 

61.7 

68.4 

61.3 

61.2 

8L4 

64.5 

67.0 

63.7 

56.5 

67.2 

71.0 

67.1 

<•>« 
47.2 

75.4 

69.8 

72.8 

64.6 

63.6 

60.8 

88.7 

59.8 

(») 

73.5 

62.8 

87.4 

75.4 

81.0 

69.5 

63.4 

7&6 

75.3 

73.1 

63.5 

6R.5 

8f.0 


81.4 
77.  r. 
71.2 
81.1 

85.6 
75.1 
9a  G 
93.2 
68.2 
82.1 

6ao 

81.0 
80.8 
83.4 
60.9 
69.1 
75.2 
6a9 
62.6 
79.8 
83.7 
64.4 
76.4 
84.7 
69.2 
73.3 
79.0 
74.4 
84.2 

(») 

76.3 

73.5 

7a  5 

6a4 

73.7 

65.8 

6ao 

85.3 
66.6 
70.0 
65.3 

5ao 

67.8 
74. 

(») 

69.0 

56.0 

84.2 

81.1 

79.6 

74.2 

68.5 

80.8 

96.9 

77.4 

70.6 

80.1 

62.2 

93.4 

85.0 

89.2 

83.2 

(») 

82.9 

82.3 

79.2 

75.5 

74.7 

93.4 


D 


84.5 

81. 

75.2 

83. 

65.7 

83.0 

70.4 

oa2 

02.5 

oai 

80.9 
66.3 
82.9 
82.2 
85.9 
62.0 
6a2 
79.8 
6a9 
63.3 
77.1 
87.4 
62.5 
74.4 
84.2 
6a5 

(') 

7a  5 

79.0 

8a  9 

82.0 

77.3 

77.8 

75.1 

6L0 

80.9 

65.4 

65.2 

81.2 

65.6 

70.1 

66.0 

54.7 

60.2 

70.1 

7a  2 

70.3 

5a3 

87.6 

80.4 

7a  0 

77.6 

71.5; 

7a  4 

95.9 

71.5 

75.2 

82.9 

61.5 

91.1 

87.7 

87.2 

83.8 

71. 7| 

80.9, 

85.51 

81.9, 

79.0, 

77.5, 

94.4; 


CO 


u 

I 

O 


77.9 

73. 2 
73.0 
7a  9 
64.6 
7&8 
74.5 
90.5 
8a7 
67.5 

0) 

64.4 

75.6 

72.1 

7a  3 

56.9 

6a  5' 

72.9 

70.0 

61. 3 
66.2, 
79.6' 
61.3 
r2.0 
8L2 

<•) 

7a  6 

67.5 

72.3 

7a  1 

75.4 

62.2 

7a  0 

70.3 

62.4 

7a  3 

64.6 

6a4 

(») 

64.7 

67.7 

63.9 

60.7 

66.1 

7a  0 

68.4 

71.0 

5a3 

7a  e 

71.4 

7a  3 

6&1 
71.0 
Ga5 

8a3 

60.3 
62.9 
7a  4 
6a8 
87.8 
77.1 
7a  1 
75.1 
62.2 
7a  4 

7a  8 
7a  9 
(») 

73.8 
8a9 


a 

o 
"A 


a 

o 

p 


a 
< 


05. 6 
68.2 
63.2 

(») 
60.  u 

64.8 

6ao 

82.1 

7a  7 

61.4 
iMI.8 

sao 

70.8 
€7.4 
64.7 
57.8 
62.0 
64.5 
61.0 

5ai 

51.6 
72.1 
59.4 
51.3 
7a  3 
62.7 
(») 

5a2 

62.4 
70.1 
72.2 
5L0 
65.6 
63.7 
54.0 
67.0 
61.6 
61.3 

(») 

62.5 

64.6 

59.6 

59.0 

62.4 

6a  0 

62.6 

62.7 

47.7 

64.6 

59.3 

6a5 

5ao 

65.7 
6a4 

7a4 

50.6 
62.4 
6&2 
46.9 
7a5 
70.3 
65.9 

fias 

44.2 
6a8 
69.6 
69.0 
59.3 
67.6 

7a5 


54.1 
58.  C 
55.3 
54.6 
64.4 
5^9 
64.0 
6a  C 
64.1 
55.8 
5a8 
54.2 
59.8 

5ao 

62.7 

sae 

5L1 
55.5 
55.0 
57.2 
43.1 
5a6 
56.4 
40.6 
6a2 
55.8 
57.0 
44.2 
52.3 
54.0 

5a7 

40.9 

(») 
54.8 
54.9 
59.4 

sas 

57.9 
60.0 

5a4 

61.0 
54.4 
5a5 
57. 0 
62.0 
55.3 
67.1 
83.5 
53.6 
41.7, 
59.9, 

4as 

(«) 
46.0 

(») 

sai 
4a7 
5ao 

8a  7 

64.8; 
60.0! 
59.1 

4a2 

80.6' 
64.3 
&4.3 
51.0 

40.2 

(») 
GG.6I 


48.0  avr. 

57.1  (A.'i 

50.2  6L6 
51.0.... 
.'»L2.... 
4a5  c:.8 


60.7 
61.3 
54.0 
52.6 
(0 
49.2 
5L5 
5L3 

4ao 

53.5 
48.9 

sas 

49.0 
51.9 
33.6] 
5a6 
54.8 
3L4 
5a3 

5ao 

51.7, 

32.6^ 

52.2' 

51.2] 

4a  9> 

87.6,' 

60.3 

50.3' 

49.8 

57.4. 

51.3 

53.6 

(•) 
54.9 

57.2 
50.3 

6a7 

49.6 
61.8 
60.8 
53.2 
32.1 

4a  6; 

33. 8j 
48.0' 
44.4- 


6"      •! 
I.    •• 

7S.1 
73, « 
59.  C 

5a.":j 

67.0 
Ojl!) 
0fI5 
57.6 
S9.6 
(52.4 
69.  M 
57.4 
54.1 
6M.9 
57. « 
51.0 

cas 


53,8 
61.1 
GC.6 

si's 


sac 

65-1 

ias 


60  5 


55.0 
61.7 


42.2 

6as 
5a4 

64.6 
55.2 


31.8; 

(') 

30.2 

45.71- 

6L7 

31.5, 

52.1. 

51. 3> 

56.41 

4a  0 

30.4 

4a  3; 

4&2 

50l5 

34.r. 

53.0 

61.2 


54.3 

4a6 

6a4 
45.0 

ias 

69.1 


62.7 
^7 
64.7 


75.$ 


^  K'oreoofd* 


•  DiaoontinniHl  Xorembor  1, 1885. 
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Monihly  fnaxinum  and  minimum  iemperaturcB  and  annual  range  of  temperaimn  (l»  degnm 

ing  hnm6hei,for  ike 


IFroBi 


StatioDB. 


Alta,Cal 

Ananeim,  Cal 

Antiocb.Cal 

Apt08,Cal 

Auburn,  Cal 

Battle  Mountain,  Kev. 

Benson,  Aria 

ISeowawe,  Kev .: 

Bishop  Creek,  Cal 

Blue  Creek,  Gal 

Boca,  Cal « 

Borden,  Cal 

Brentwood,  Cal 

Brighton,  Cal 

Brovrn,Nev 

Byron,  Cal 

Cabazon,  Col 

Caliente,Cal 

Caliatoga,  Cal 

Carlln,^ov 

Caaa  Grande,  Ariz 

Chioo,Cal 

Chualar.Cal 

Cisco,  Cal 

Colfax,  Cal 

Colton,CaI 

Corinne,  Utah 

Davisville,  Cal 

Delano.  Cal 

Delta,  Cal 

Doming,  N.  Hex 

Dunnlsan,  Cal 

Elko,Nov 

£1  Paso,  Tex 

Emigrant  Gap,  Cal . . . . 

Fanuington,  Gal 

Fresno  City,  Cal 

Gait,  Cal 

GilPoy.Cal 

Golconda,  Nov 

Gi>9hen,Cal 

HaUeck,  Nev 

Hawthorne,  Nev 

Hollister,  Cal 

Hotel  del  Monte,  Cal . . 

Hot  Springs,  Nev 

Humboldt.  Kev 

Indio,Cal 

lone,  Cal 

Koelor,  Gal 

Kenno,  Cal 

Kolton,  Utah 

Kingsburg,  Cal 

Knight's  Landing,  Cal 

Latbrop,  Cal 

Lemoora,  Cal 


January. 


Max. 


o 

68 
74 
64 
66 
65 
60 
64 
62 
65 
44 
60 
74 
66 
66 
60 
62 
72 
60 
65 
44 
71 
68 
75 
40 
62 
76 
61 
62 
70 
60 
72 
62 
47 
68 
40 
68 
75 
64 
66 
72 
67 
68 
62 
60 
65 
66 
60 
83 
70 

(•) 
64 
60 
79 
64 
66 
62 


Min. 


26 
36 
28 
82 
30 
12 
23 
0 
20 
zero 
zero 
32 
32 
83 
12 
28 
32 
32 
20 
4 
32 
35 
30 
14 
34 
32 

—  4 
30 
36 
25 
20 
32 

—  4 
32 
20 
31 
34 
32 
31 
11 
31 

—18 
20 
32 
35 
6 
16 
32 
29 

(•) 
27 
zero 
30 
32 
30 
32 


February. 


Max. 


62 
78 
70 
72 
60 
56 
74 
67 
74 
48 
66 
86 
80 
72 
64 
74 
84 
82 
71 
62 
76 
75 
76 

0) 
68 
92 
65 
74 
82 
70 
82 
68 
66 
74 
60 
78 
75 
70 
74 
70 
70 
77 
64 
75 
68 
71 
60 
87 
75 
68 
68 
58 
00 
66 
70 
75 


Min. 


28 
40 
86 
31 
31 
24 
30 
20 
28 
15 
13 
33 
39 
34 
26 
32 
34 
38 
31 
10 
36 
35 
35 

(») 
36 
36 
12 
35 
86 
26 
25 
39 
20 
30 
26 
30 
81 
33 
80 
27 
40 
18 
28 
33 
35 
10 
24 
40 
31 
32 
24 
20 
32 
40 
34 
30 


March. 

ApriL 

May. 

Max. 

Min. 

Max. 

Min. 

U'ay 

Min. 

0 

0 

0 

0 

0 

0 

72 

48 

70 

34 

84 

43 

00 

42 

86 

51 

80 

60 

75 

43 

80 

46 

94 

52 

82 

86 

78 

45 

76 

60 

77 

40 

80 

88 

95 

45 

72 

26 

76 

80 

90 

96 

74 

44 

80 

60 

100 

58 

72 

28 

75 

82 

87 

87 

80 

88 

84 

85 

103 

63 

66 

34 

72 

88 

70 

41 

75 

20 

68 

25 

80 

38 

92 

86 

94 

89 

109 

45 

82 

43  . 

79 

64 

05 

58 

80 

46 

86 

45 

100 

56 

76 

82 

83 

88 

96 

40 

82 

88 

00 

46 

110 

66 

82 

46 

83 

44 

96 

50 

80 

48 

80 

42 

104 

60 

82 

36 

84 

80 

97 

46 

64 

24 

72 

30 

86 

34 

84 

61 

•4 

65 

104 

50 

86 

45 

96 

48 

104 

50 

80 

40 

80 

40 

85 

40 

65 

28 

58 

IS 

78 

29 

75 

40 

76 

86 

97 

44 

90 

39 

83 

48 

96 

60 

74 

27 

78 

45 

87 

42 

80 

40 

86 

40 

104 

60 

84 

46 

90 

62 

105 

55 

76 

30 

80 

30 

96 

50 

00 

40 

93 

63 

100 

«l 

76 

60 

85 

50 

07 

61 

67 

21 

68 

25 

78 

40 

86 

38 

90 

38 

00 

.12 

64 

33 

64 

25 

80 

32 

78 

44 

88 

45 

101 

66 

80 

89 

80 

48 

106 

M 

76 

38 

&) 

45 

OS 

0) 

84 

38 

82 

43 

09 

50 

83 

25 

88 

39 

99 

43 

85 

40 

02 

48 

107 

60 

78 

18 

78 

32 

04 

32 

70 

32 

70 

30 

92 

32 

85 

40 

85 

49 

96 

4U 

81 

41 

76 

43 

77 

52 

83 

24 

80 

36 

90 

40 

60 

31 

66 

38 

94 

40 

04 

40 

98 

56 

106 

66 

77 

41 

89 

40 

102 

45 

72 

43 

77 

47 

95 

52 

77 

36 

80 

34 

04 

89 

72 

25 

80 

40 

85 

40 

82 

42 

87 

45 

102 

54 

78 

46 

80 

42 

06 

66 

76 

40 

83 

40 

95 

.•i:! 

80 

40 

85 

45 

103 

55 

84 
96 
88 

00 
00 
94 

102 
00 

102 
95 
82 

104 
93 
92 
06 
98 
96 

106 
00 
03 

107 

100 
83 
70 
94 

102 
93 
05 
98 
06 

106 
06 
89 

100 
78 
01 

1(10 
01 
88 

100 

100 
99 
93 
84 
60 
03 
03 

104 
94 
94 
95 
93 
00 
96 
88 
95 


51 
40 


43 
55 
44 
S5 
53 
SO 
67 
49 
50 
S3 


45 
32 


41 
30 
48 
00 
40 


04 
50 
70 
58 
37 
70 
38 
57 


5:! 
51 
41 
60 
5i 
35 
55 
62 
48 
42 
66 
50 
58 
35 
40 
56 
50 
56 


*  No  record. 
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APPENDIX   38. 

FdkraihHi)  at  staUons  on  the  Central  Facifio  and  Southern  Fctdfic  Eailroads  and  connect- 
nding  Deeemher  31,  1885. 

tog  thermometen.] 


July. 

Angiut. 

Max. 

Min. 

Max. 

Min. 

0 

0 

0 

0 

0) 

(') 

0) 

0) 

90 

64 

101 

56 

M 

CO 

100 

62 

80 

60 

85 

50 

96 

60 

103 

58 

96 

60 

100 

54 

105 

72 

103 

70 

98 

65 

102 

50 

100 

72 

107 

70 

107 

68 

105 

50 

96 

40 

90 

40 

112 

65 

118 

65 

90 

60 

105 

62 

102 

61 

109 

60 

104 

72 

104 

61 

106 

62 

112 

60 

107 

60 

106 

62 

102 

60 

109 

66 

99 

54 

106 

48 

94 

47 

104 

50 

110 

73 

113 

78 

107 

65 

115 

04 

88 

47 

94 

48 

85 

45 

88 

43 

100 

55 

105 

58 

no 

60 

116 

C5 

99 

62 

103 

50 

105 

60 

112 

62 

106 

CO 

(') 

67 

106 

64 

111 

54 

108 

74 

108 

73 

104 

6<l 

112 

60 

98 

40 

08 

48 

107 

75 

112 

68 

88 

51 

01 

52 

103 

05 

111 

60 

104 

72 

113 

G5 

100 

«2 

108 

50 

96 

52 

104 

50 

103 

03 

109 

60 

115 

64 

116 

60 

105 

44 

107 

54 

102 

62 

102 

62 

98 

5-i 

103 

53 

75 

54 

70 

53 

99 

58 

103 

58 

90 

60 

06 

56 

108 

72 

114 

70 

104 

50 

107 

62 

101 

72 

103 

70 

97 

55 

102 

51 

93 

60 

104 

60 

105 

64 

111 

62 

102 

58 

110 

58 

IH 

58 

102 

55 

104 

65 

105 

.68 

September. 


C) 

106 

04 

90 

07 

92 

08 

01 

90 

85 

94 

109 

94 

103 

05 

100 

102 

100 

101 

04 

107 

105 

114 

86 

100 

112 

86 

108 

105 

(') 

100 

100 

94 

94 

88 

105 

(•) 

100 

102 

103 

104 

98 

95 

102 

72 

96 

84 

108 

100 

05 

05 

00 

104 

102 

00 

too 


Min. 


56 
60 
45 
54 
44 
62 
40 
63 
51 
28 
59 
68 
56 
50 
60 
58 
54 
48 
38 
68 
58 
50 
38 

0) 
54 
43 
62 
60 

(») 
60 
50 
38 
70 
42 
57 

(•) 
50 
50 
42 
65 
38 
50 
52 
44 
38 
45 
62 
56 
57 
47 
45 
57 
56 
53 
60 


October. 


Max. 


88 
88 
80 
03 
84 
90 
83 
88 
79 

0) 

106 
00 
98 
87 
98 

(') 
90 
69 
86 
90 

103 
83 
88 
05 

108 
73 

106 

100 

0> 
04 

100 
84 
84 
82 

103 
98 
06 
02 

102 

102 
86 
86 

102 
72 
90 
80 

104 
90 
85 
95 
68 
96 

100 
04 
94 


Min. 


48 
47 
40 
50 
26 
47 
25 
42 
34 

0) 
53 
66 
50 
35 
44 

(') 
49 

35 

18 

54 

46 

44 

80 

48 

42 

20 

50 

53 

(') 
54 
48 
18 
42 
39 
45 
48 
50 
40 
35 
48 
24 
46 
42 
41 
20 
20 
54 
45 
54 
44 
30 
44 
48 
40 
45 


NoTomber. 

December. 

Max. 

Min. 

Max. 

Min. 

0 

0 

0 

0 

84 

44 

86 

40 

76 

43 

(•) 

0) 

78 

87 

76 

85 

73 

88 

67 

29 

70 

18 

56 

10 

81 

30 

72 

22 

72 

18 

62 

11 

70 

24 

67 

20 

60 

27 

43 

11 

79 

15 

60 

10 

80 

38 

74 

32 

74 

42 

(•) 

(•) 

83 

40 

69 

38 

76 

26 

60 

25 

78 

34 

(») 

0) 

(») 

(•) 

(•) 

(») 

78 

44 

CO 

34 

70 

32 

73 

31 

72 

20 

CO 

eero 

80 

48 

82 

33 

75 

39 

68 

33 

76 

88 

(»)• 

(') 

50 

22 

48 

15 

64 

86 

72 

33 

90 

45 

74 

33 

62 

20 

50 

6 

82 

39 

69 

35 

(•) 

(») 

69 

35 

70 

30 

64 

28 

84 

30 

80 

23 

74 

40 

58 

32 

C8 

20 

52 

zero 

82 

35 

80 

14 

62 

30 

58 

24 

78 

40 

70 

33 

76 

38 

68 

40 

70 

38 

72 

39 

78 

33 

72 

20 

80 

23 

78 

18 

82 

33 

71 

35 

70 

22 

56 

—  8 

70 

26 

60 

20 

72 

42 

76 

34 

74 

38 

73 

35 

70 

14 

68 

16 

64 

31 

62 

26 

90 

35 

81 

32 

72 

35 

62 

28 

(') 

.  <•) 

CI 

35 

74 

40 

78 

30 

60 

15 

60 

(•) 

70 

30 

68 

34 

86 

40 

70 

40 

74 

37 

65 

35 

75 

35 

75 

30 

Annual 
range. 


70 


50 
74 
90 
83 
03 
80 
107 


76 
02 


77 
77 
104 
81 
82 


72 

84 

107 

82 


85 
80 
102 
08 
71 
81 


76 
75 
08 
85 
•125 
82 
71 
46 
97 
80 
82 
70 


78 


81 
78 
72 
75 


*  Discontinnoil. 
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Monthly  miuimnm  and  minimum  temperatures  and  annual  range  of  temperature  {indegreee 


Stations. 


Li vonnoro,  Cal 

Lordsbare,  N.  Mez. . 
Los  An^zeTen,  Cal — 
Mammoth  Tank,  Cal 

Maricopa,  Ariz 

Martinoz,  Cnl 

MarvBvilie,  Cal 

Monlo  Park,  Cal  ... . 

Morcod,  Cal 

Modesto,  Cal 

Mqjavo,  Cal 

Monterey,  Cal 

Napa  Citv.  Cal 

Nowhall.  Cal 

Nile8,Cal 

Oakland.  Cal 

OgdcnCity,  Utah  ... 

Oiland,  Cal  

Piyaro,  Cal 

Palisade,  Kev 

Pantano,  Ariz 

Potalnmo,  Cal 

Pleasanton,  Cal 

Promontory,  Utah  .. 

Ilavenno,  Cal 

Uod  Bluff.  Cal 

Itedding.Cal 

Keuo,  Nev 

Kooklin,  Cal 

Sacramento,  Col 

Salinas,  Cal 

San  Fernando,  Col . . 

San  Jos^,  Cal 

Son  Mateo,  Cal 

San  Simon,  Ariz 

Santa  Cruz,  Cal 

Santa  Monica,  Cal. . . 

Soledad,Col 

Soqnel.  Cal 

Soath  Vallejo,  Col  . . 

SpodrOfCal 

Stockton,  Cal 

Suisun City,  Cal  .... 

Sammit,  Cal 

Sumner,  Cal 

Tocoma,  Nev 

Tehama,  Cal     

Tohachapi,  ('al  

Tcnnant,  Cal  

Torraco.  Utah 

Texas U ill,  Ariz  .... 

Toano,  Nov 

Towlcs.  Cal 

Tracy,  Cal 

Truckee,  Cal 

Tucson,  Ariz 

Tulare,  Cal 

Turlock,  Cal 

Wadsworth,  Nev 

Wolls,Nev 

Willcox,Ariz 

WillhimB,  Cal 

Willow.  Cal 

Winnemncca,  Nev .. 

Woodland.  Cal 

Ynmo,  Anx 


Jannary. 


Max. 


o 

84 
60 
74 
8:{ 
71 
(M) 

(») 
64 
70 
05 
72 
64 
60 
74 
63 
G2 
55 
60 
68 
48 
82 
70 
65 
48 
7U 
70 
78 
58 
67 
01 
64 
75 
68 
66 
58 
66 

(») 
68 
74 
66 
82 
61 
64 
40 
77 
42 
64 
57 
70 
58 
76 
40 

(•) 
64 
48 
70 
70 
81 
60 
40 
65 
65 
58 
63 
68 
00 


Min. 


28 
24 
46 
30 
28 
36 

0) 
32 
36 
35 
26 
36 
29 
24 
35 
38 

-  8 
38 
33 

-  5 
30 
32 
32 
■14 
23 
34 
34 
10 
31 
38 
30 
37 
35 
34 
20 
38 

(') 
30 
36 
42 
36 
36 
35 

n 

33 
-10 
32 
20 
31 

-  4 
24 

-  4 

(») 
30 

2 
3? 
33 
30 
14 
—10 
20 
30 
82 
10 
34 
40 


Febrnary. 


Max. 


84 
68 
80 
01 
75 
64 
76 
72 
78 
71 
72 
66 
78 
82 
75 
64 
58 
70 
70 
66 
86 

is 

85 
52 
85 
72 
70 
62 
70 
68 
70 
84 
68 
68 
74 
74 

(') 
80 
76 
70 

(') 
68 
74 
46 
76 
54 
70 
58 
71 
68 
84 
50 

(») 
74 
53 
75 
76 
82 
67 
60 
72 
74 
67 
GO 
70 
77 


Min. 


34 
25 
42 
40 
35 
40 
34 
82 
32 
41 
32 
83 
82 
28 
86 
40 
16 
42 
30 
10 
30 
34 
32 
18 
22 
34 
40 
20 
32 
40 
34 
38 
36 
30 
26 
38 

(') 
28 
82 
42 

(') 
30 
36 
18 
31 
20 
30 
22 
26 
20 
28 
16 

(') 
40 
12 
44 
40 
80 
20 
16 
20 
42 
41 
10 
86 
43 


Much. 


•  o 

86 

78 

8H 

05 

85 

71 

83 

74 

88 

90 

76 

60 

81 

85 

76 

70 

82 

88 

B8 

70 

00 

82 

80 

68 

80 

90 

85 

00 

69 

75 

70 

86 

80 

75 

78 

82 

70 

82 

81 

78 

89 

72 

84 

50 

88 

65 

82 

68 

03 

72 

04 

68 

(») 
80 
62 
85 
86 
87 
76 
64 
85 
83 
79 
76 
82 
85 


Min. 


o 

40 
32 
60 
60 
46 
40 
54 
88 
40 
43 
80 
42 
82 
40 
40 
44 
24 
60 
85 
22 
45 
88 
89 
30 
84 
40 
60 
26 
36 
46 
40 
42 
40 
41 
40 
45 
66 
82 
40 
60 
48 
42 
45 
24 
44 
80 
40 
28 
34 
18 
43 
32 

(») 
42 
22 
50 
49 
40 
28 
20 
82 
44 
40 
24 
45 
55 


ApiiL 


Max. 


o 

84 
88 
86 
105 
03 
70 
84 
8-2 
90 
85 
85 
76 
89 
89 
82 
74 

90 
82 
76 
92 
82 
84 
70 
86 
90 
96 
76 
75 
82 
85 
90 
76 
72 
86 
80 
88 

(») 
78 
82 
94 
80 
88 
64 
02 
78 
88 
72 
85 
80 
100 
65 

(») 
90 
66 
94 
87 
92 
81 
70 
84 
86 
73 
75 
84 


Min. 


o 

42 
60 
52 
68 
61 
48 
60 
40 
40 
40 
40 
48 
82 
44 
60 
46 
81 
46 
85 
80 
40 
44 
42 
iO 
44 
46 
49 
26 
40 
46 
42 
40 
40 
43 
44 
44 
65 

(») 
86 
54 
51 
45 
48 
12 
45 
40 
84 
80 
88 
88 
65 
89 

(0 
50 
22 
48 
60 
42 
84 
82 
40 
89 
61 
82 
48 
61 


May. 


Max. 


98 
05 
81 

124 

108 
88 
08 
92 

103 

108 

105 
76 
99 
96 
96 
70 
88 

102 
80 
80 

101 
92 
97 
88 
96 

104 

103 
02 

100 
06 
80 
92 
90 
80 
92 
84 
80 
90 
78 
88 
85 
90 

100 
68 

104 
85 

102 
90 

103 
84 

119 
82 

(») 
104 

83 
102 
105 
105 

0) 
86 
100 
103 
103 
83 
100 
103 


Min. 


48 
60 
56 

05 
67 
60 
58 
49 
40 
00 
45 
63 
41 
60 
60 
48 
25 
53 
45 
38 
66 
48 
61 
45 
40 
44 
49 
88 
60 
67 
60 
63 
48 
60 
00 
49 
68 
48 
SO 
58 
60 
53 
48 
23 
60 
49 
40 
40 
60 
40 
70 
85 

(") 
00 
80 
63 
51 
48 

(*) 
34 
65 
65 
64 
40 
60 
71 


84 

100 

87 

118 

108 

80 

97 

81 

90 

90 

100 


94 
83 
70 

103 
08 
83 
98 

102 
78 
64 
92 

100 

100 

(») 
92 

99 

90 
74 
91 
78 
75 
98 
83 
05 
83 
84 
78 
89 
85 

0) 
68 
97 
89 
98 
90 
88 
94 
115 
85 

(») 
96 

83 
105 
90 
101 
94 
90 
08 


84 
94 


o 

48 

70 

9» 
74 
65 
54 
00 
49 
64 
59 
45 
54 
53 
50 
63 
50 
86 
54 


82 


48 
46 
40 
50 

(«) 
40 
62 


63 
50 


70 
51 
OO 
41 
88 
57 


54 

(») 

ts 

55 
40 

6S 
46 
47 
40 


<•) 


78 
67 

00 
48 


48 


>Koreoor4r 
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Fahr€tthcU)f  at  stations  on  Central  Pacific  and  Southirn  Pacific  Ikaitroadsj  <Vr.     (  ontiinuMl 


July. 

Angnat. 

September. 

October. 

November. 

December. 

Annual 

ran<;o. 

Max. 

Hln. 

Hax. 

Mill. 

Max. 

Min. 

Hax. 

Hin. 

Max. 

Min. 

Mas. 

Min. 

o 

0 

o 

o 

o 

o 

o 

o 

o 

o 

0 

0 

0 

104 

0) 

70 

105 

48 

106 

50 

104 

40 

73 

30 

68 

36 

102 

74 

05 

64 

90 

40 

73 

30 

64 

20 

84" 

«7 

62 

101 

62 

105 

64 

86 

60 

77 

55 

73 

50 

63 

127 

77 

130 

78 

124 

70 

113 

62 

04 

50 

84 

44 

91 

112 

73 

114 

75 

100 

Gl 

107 

47 

8G 

35 

84 

28 

86 

90 

54 

96 

50 

88 

52 

88 

44 

70 

38 

68 

36 

60 

102 

64 

106 

60 

95 

46 

87 

49 

78 

40 

Cl 

(•) 

94 

61 

96 

51 

88 

39 

70 

35 

66 

34 

64" 

107 

68 

112 

58 

100 

54 

98 

42 

80 

36 

76 

38 

80 

103 

60 

110 

55 

100 

51 

96 

44 

80 

40 

64 

35 

75 

105 

67 

106 

67 

101 

60 

88 

48 

83 

30 

80 

28 

81 

72 

50 

78 

55 

73 

40 

71 

42 

74 

37 

73 

35 

45 

95 

54 

09 

54 

95 

45 

05 

30 

75 

34 

65 

30 

70 

106 

62 

112 

60 

108 

55 

102 

45 

83 

34 

80 

32 

tiS 

90 

55 

97 

55 

97 

50 

83 

45 

71 

42 

67 

36 

62 

80 

66 

80 

54 

76 

52 

66 

46 

68 

44 

66 

44 

42 

103 

58 

105 

65 

92 

45 

84 

28 

67 

22 

56 

10 

113 

102 

62 

110 

62 

98 

60 

99 

54 

72 

44 

78 

38 

72 

90 

65 

85 

54 

98 

40 

92 

40 

70 

38 

75 

38 

68 

100 

58 

103 

62 

94 

34 

86 

18 

68 

22 

48 

10 

108 

104 

70 

101 

69 

100 

70 

99 

50 

80 

42 

70 

.32 

74 

95 

58 
59 

103 
(1) 

50 

0) 
58 

0) 

102 

58 

80 

(') 
78 

42 

(») 
38 

77 
72 

30 
30 

68 
68 

35 
33 

90 

96 

65 

105 

90 

52 

60 

20 

40 

12 

'""iio  * 

100 

65 

110 

55 

106 

50 

102 

35 

80 

30 

74 

26 

88 

110 

64 

113 

64 

104 

66 

100 

50 

76 

40 

78 

34 

79 

(») 

(') 

106 

64 

104 

(') 

100 

57 

70 

40 

05 

33 

100 

62 

101 

66 

88 

46 

82 

30 

70 

26 

48 

20  . 

"  *oi"' 

100 

58 
59 

108 
90 

54 
59 

100 
01 

62 
62 

96 
88 

43 
46 

72 

41 

84 

8fi 

91 

62     40 

61"" 

78 

54 

70 

66 

93 

53 

64 

44 

68 

42 

60 

34 

63 

100 

54 

113 

56 

102 

58 

103 

45 

82 

44 

80 

38 

70 

80 

50 

95 

54 

08 

50 

90 

44 

74 

38 

66 

:i4 

64 

88 

58 

92 

56 

92 

54 

82 

40 

74 

43 

GO 

40 

58 

111 

72 

98 

68 

(') 

(•) 

(•) 

(') 

85 

45 

(') 

(•) 

88 

62 

90 

61 

90 

48 

93 

45 

70 

40 

70 

37 

59"' 

84 

62 
50 
40 

80 
06 
60 

64 
60 
40 

77 

102 

78 

60 
44 

42 

75 
92 
78 

54 
40 
42 

71 
78 
76 

53 
32 
50 

80 
76 
76 

44 

28 
36 

91 

86 

.'54*' 

82 

58 

86 

65 

90 

50 

83 

50 

70 

50 

70 

32 

58 

102 

56 

(») 
57 
42 

108 

102 

102 

70 

60 
54 

56 
42 

114 
95 

105 
77 

54 
53 
56 
86 

104 
90 

100 
73 

50 
44 

45 
28 

84 
68 
80 
54 

45 
38 
40 
22 

87 
60 
68 
41 

37 
40 
38 
13 

(•) 

95 

75 

68*" 

100 

62 

113 

65 

108 

62 

90 

42 

68 

40 

66 

30 

8:) 

102 

69 

100 

62 

100 

44 

100 

33 

68 

20 

60 

8 

112 

108 

62 

110 

58 

100 

68 

100 

46 

78 

46 

66 

36 

78 

04 

58 

102 

52 

00 

44 

88 

38 

68 

32 

70 

22 

82 

93 

50 
64 

103 
102 

51 
50 

102 
92 

50 
44 

101 
80 

40 

30 

68 

■ 
1  _ 

90 

'"'"32"* 

"■54'" 

14 

"'  "166" 

117 

76 
54 

118 
95 

76 

50 

112 
87 

65 
87 

104 
80 

50 
22 

64 

(•) 
14 

00 
49 

31 
2 

100 

"ioi"" 

90 

50 

68 

108 

54 
64 

86 
102 

46 

60 

84 
08 

44 
27 

70 
78 

38 
38 

74 
68 

28 
38 

100 

78"' 

92 

40 

90 

40 

86 

34 

82 

24 

64 

20 

48 

11 

90 

107 

83 

109 

80 

104 

80 

03 

61 

85 

49 

63 

43 

72 

107 

68 

113 

65 

107 

53 

00 

51 

Kt 

42 

73 

83 

80 

100 

61 

114 

58 

104 

55 

08 

40 

80 

40 

80 

35 

84 

102 

68 

102 
98 

68 
68 

98 
84 

44 

42 

88 
61 

33 
27 

74 
65 

20 
19 

GO 
45 

20 
12 

94 

■■"ioi" 

103 

68 

100 

66 

95 

55 

05 

37. 

80 

28 

77 

15 

88 

102 

65 

110 

03 

100 

60 

100 

48 

75 

40 

60 

38 

80 

09 

60 

109 

63 

101 

60 

99 

53 

75 

42 

60 

40 

77 

94 

62 

101 

m 

90 

45 

85 

36 

68 

21 

56 

15 

91 

102 

59 
81 

106 
109 

53 
82 

90 
105 

55 
73 

96 
97 

49 
65 

85 

50 

64 
80 

42 
45 

107 

69*' 

*  Discontinned  Korember  1, 1885. 
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APPENDIX    30. 


*wfo«  — -,        -    -  , 

Oelobtr,  lb85,  bolk  ineluHre. 


nnmlwr  of  obMrrBtlmu  taknn— onft  di 


Lumbsrton.N.C 

Non-Bonio.  N.  C... 

Italrjleb.  N.  C 

Snlinlinry,  N.  C 

W«lwWroi,Eh.N.C. 

Weldon,N.C  

Wllniirn«n,N.C.... 
haTtMtOD.lf.  C. : 

l)ranohvfllo,a.C.... 


J  ncluouliomuEh ,  S.0 . 

KiDKHtnw.  S.V 

SiiliiiGenri(e'ii.S.C.. 
HmlDl  Mstlbev'a,  S.C. 
Yoniusee,  5.C 


Uulambim  S.  C 

CrdSDwnod,  3,  C 

Cnton  Point,  Gn.... 
WwblDRlon.GA.... 
\V.>-aMi.or<raBli.  Gi 

AlbkoV.  Gii 

Allnriiaik,  an 

JtalnW'leo,  Gft 

Cedar  Keys,  VU... 

Eaatmiiii.  Ga 

Fsraanillna,  Fla.... 
VonGalnea.Ga.... 

JoHup,  Ga 

Live  dak.  FU 

MUl«n,  Q» 


Kmlthville.  Gn 

ThonuMTitle.Ou... 

W«Jdo,Fla 

W»y  CroH,  G»„.. 
.ttnaU,  Ga.  i 

A^eiw>n.8.C 

Atlanta,  G> 

C*rtanTil1n,Ga... 


g.a 

L6 
LO 

LS 

il 
1.0 
1.8 

'.» 
.» 

S.2 
,0 

'.'a 

«».3 

89.  T 
8S.1 
SB.T 

8&3 
M.B 

so.  a 

80.8 

stis 

do!  I 

H).8 

gg.i 

M.3 

91. 7 
90.3 

0Z.7 
Bl.1 

8L5 

02.4 
84.0 

07.* 

De.a 

8«.l 

94.3 
51.8 

as!a 

M.0 

aas 

00.1 

68.6 

OLi 
68.1 

68.S 
85,6 

S8.T 
87.  S 

87,0 

ej'.a 
«a.i 

7o:s 

68!  0 

ta'.x 
na.is 

|! 

70.4 

BS.S 
80.3 

65.T 

93.1 

vi.1 

•2.4 
Mil 

n.7 
».s 

88.6 

n.3 

80.8 
8B.1 
B8.8 
ST.T 

Si 

K:! 
S:! 

K.i 

M.a 
m.3 

Ml 
M.3 

Btio 

Bsig 

m!i 
ss!i 

aj.7 

95.0 
88.B 

84!d 
93.4 

89.7 

89:2 
69.7 

SS.3 
61.4 

W.7 
78.8 

7i:8 

72.1 
71.8 

7o!i 

71.4 

89.8 
89.4 

tit 

li 

Ts:7 

7ai 

71.5 
8917 

88.3 

67.0 

89. 
90. 

1 

89. 
W. 

87. 

SB. 
90. 

8& 
88. 

89. 
90. 
K. 

a». 

90. 
88. 
89. 

B3. 
94. 

BO. 

1 
89: 

Bl! 
99. 

87. 

Bl. 

n. 

92. 

90; 
H. 
88. 

90. 

!^ 

89.  S 

7*°4 

1, 

I7 

«B.l 

82.» 

M.' 

Ta* 

70.8 

82.7 

6L8 

79.6 

61.7 

•9.9 

69.4 

Bo:4 

61.8 

•8.9 

m.i 

86. 

70.7 

67.0 

64.8 

47.: 

•8.6 

81.8 

SLO 

8L 

Pi 

718 

SLl 

66. 

n.» 

T8.6 

7S!8 

8LT 

71.1 

71.4 

70.  T 

68.0 

T1.1 

72.1 

81.8 

ri 

n 

C) 

n.i 

83.6 

71.0 

7ai 

■I2.8 

63.6 

71.1 

70.8 

83.8 

8ai 

71.1 

82.9 

86.6 

7X.S 

68.8 

81.8 

U.9 

68.6 

66.8 

69.6 

81.8 

68.1 

76.6 

68.1 

6K9 

e2!8 

•7.1 

70.6 

84.6 

68;i 

6L1 

•7.  a 

70l6 

Bi.9 

62.7 

72.0 

«t.t 

6S.6 

78.8 

86.1 

71.0 

7J.5 

68.7 

68.6 

7J.S 

79.6 

83.0 

70.6 

7X9 

T8.1 

85.7 

74.  a 

76.4 

T1.7 

81,8 

f7.9 

re.1 

78.1 

84.8 

n.> 

71.4 

86.0 

87.  S 

7«iB 

69.1 

7L9 

70.4 

7S.9 

TO.  1 

84.0 

•8.9 

7*7 

88.8 

76.  i 

74!  9 

71.S 

87:6 

71!  0 

to!  I 

8B.4 

76. 1 

89.6 

71.1 

72!l 

88.6 

78.0 

76.1 

07.8 

ei.6 

88.3 

76.8 

64.0 

64.9 

68.1 

7816 

66.7 

«7.» 

erls 

61.2 

eLO 

MB 

BEPORT  OF   THfi   CHIKF   SIGNAL   OFFICER. 


443 


Mtan  of  the  nuueimum  and  minimum  iemperaturea  (in  degrees  Fahrenheit)  at  tJw  cotton- 

region  etaiiona,  fo. — Continnod. 


Diatrioto  and  •tatloms. 


AtlantBi  Gft.— Contlniied 

GatnMviUeiGa , 

GreenTille,  D.  C.^ 

Griffin,  0» 

ICaooOf  G» 

KewiiMi,G» 

SparUnbiirg,  8.  C . . . 

Tocoo«.Gte 

West  Point,  Gki 

MoDtffomeiy,  Ala. : 

Birmingham,  Aim. . . 

Gal«m,Ala 

Eu&nla,  Ala 

Fort  Deposit  Ala. . . . 

OremTille,  Ala 

Marion,  Ala 

Montgomery,  Ala . . . 

OpdUEa.Ala 

Pine  Apple,  Ala 

Selma,  Ala 

Mobile,  Ala.: 

Aberdeen,  Misa 

Colnmbna,  Miss 

Svergreen,  Ala..... 

Liyingstoa,  Ala 

Macon,  Mlas 

Meridian,  Mias..... 

Mobile,  Ala 

Okolona,  Mias 

Way  neabo  rough, 

New  Orleans,  La. : 

Alexandria,  La 

Amite  Ci^,  La 

Brookhaven,  Miss. : , 

Cheneyville,  La 

CooshattaChnte,  La 

Haslehnrst,  Misa . . . 

LaCaTotte,  La 

Minaen,  La 

Katches,  Miss , 

Katchitodhea,  La.... 

Kew  Orleans,  La... 

Opelonsas,La 

Port  Gibson,  Mias. . 

Shrereport,  La 

Galveston,  TTez.: 

Austin,  Tex 

Belton,Tex 

Breaham,Tex 

Columbia^  Tex 

Coraioana,  Tex 

Caero,Tex 

Dallas,  Tex 

Galveston,  Tex 

HeamebTex 

Houston,  Tex 

Huntfville^  Tex 

Longvie  w.  Tex 

Luling,Tex 

Orange,  Tex 

Palestine,  Tex 

San.  Antonio,  Tex. . . 

Sour  Lake,  Tex 

Tyler,  Tex 

waco,Tex 

Weatberford,  Tex . . 

Weimar  Tex 

Vieksbnrg,  Miss. : 

Edwards,  Miss 

Jackson,  Miss 

Lake,  Miss 

Monroe,  La 

Yioksburg,  Miss 

Little  Rook,  Ark. : 

Arkansas  City,  Ark 

Brinkley,Ark 

J[>evair8Blufl;Ark.. 


May. 


Max. 


70.0 
8L1 
7&6 
83.8 
8L4 
88.2 
80.5 
80.3 

80.4 
85.8 
80.0 
8L8 
82.0 
88.4 
80.8 
80.6 
8L8 
80.1 

81.1 
84.0 

^\ 
85.0 

83.2 

82.5 

80.2 

84.2 

83.7 


81.1 
83.8 
83.4 
84.2 
80.5 
80.1 
88.6 
83.0 
83.0 
80.8 
80.6 
84.3 

(») 
83.6 

0) 
80.8 

0) 
82.2 
83.1 
86.5 
83.5 
8L8 
88.2 
82.5 
82.2 
82.2 

70.5 

81. 2> 

84. 4> 

82.5 

82.0 

7&8 

83.7 

83.2 
84.2 
82.3 
80.1 
81.2 

(») 
81.0 
70.2 


Min. 


53.5 
62.6 
60.3 
50.8 

6a4 

50.9 
54.4 
65.7 

62.0 
54.8 
60.1 
7L0 
74.8 
56.6 
0L5 
58.4 
57.3 
50.0 

58.1 
60.2 

(') 

87.7 

58.5 

61.5 

64.1 

63.8 

60.1 


62.4 
58.6 
58.8 
61.5 
50.7 
60.4 
64.6 
57.6 
61.0 
60.5 
6&4 
62.6 

f') 
62.3 

(») 
57.5 

(•) 
6&4 
53.7 
64.5 

0) 
70.6 
50.2 
65.6 
61.7 

61.8 

63. 6> 

64.8* 

58.0 

61.0 

60.3 

63.1 

61.2 
50.2 
54.2 
60.0 
62.5 

(•) 
55.5 
52.8 


June. 


July. 


Max. 


88.4 
0L2 
86.7 
0L7 
80.0 
80.6 
80.7 
80.0 

90.6 
95.8 
00.4 
80.4 
80.5 
06.8 
00l6 
89.2 
03.0 
00.6 

88.0 
03.8 

(») 
81.0 

95.0 

03.7 

8a2 

02.0 

01.3 


02.2 
91.6 
94.0 
95.2 
80.8 
00.1 
9L6 
94.8 
92.2 
91.2 
89.0 
95.1 

0) 
93.4 

95.1 
92.9 

(») 
88.7 
94.8 
97.0 
94.1 
88.7 
93.4 
80.5 
02.7 
99*  8 
02.2 
00.8 
89.4 
01.4 
91.8 
93.6 
92.6 
88.6 
9«.6 

92.9 
94.1 
02.9 
91.2 
91.6 

(') 
01.0 
80.5 


Min. 


63.4 
64.0 
68.8 
69.6 
67.3 
65.9 
64.2 
66.1 

6L7 
65.0 
69.2 
7L2 
79.0 
66.2 
70.4 
67.4 
60.2 
68.6 

6&3 
71.6 

0) 
77.0 

68.2 
71.1 
71.0 
73.9 
60.1 


68.7 
68.2 
67.5 
68.2 
68.5 
68.3 
70.6 
68.3 
69.2 
69.6 
76.8 
69.1 

(') 
72.3 

72.2 
54.8 

(•) 
72.8 
62.7 
72.0 
67.4 
79.0 
60.7 
71.8 
70.0 
64.4 
76.7 
79.3 
70.9 
71.1 
68.7 
68.8 
7L7 
58.0 
71.8 

71.0 
68.4 
58.8 
70.3 
74.2 

(') 

66.2 

65.1 


'Beoord  incomplete. 


'For  23  davs. 


Max. 


91.1 
92.5 
80.2 
04.1 
02.7 
02.1 
00.7 
01.5 

02.7 
94.7 
90.8 
90.5 
9L7 
95.8 
91.0 
90.6 
93.5 
91.6 

01.3 
01.4 

(') 
05.2 
05.0 
04.6 
88.8 
96.9 
02.2 


03.8 
87.7 
03.3 
06.0 
01.0 
06.8 
01.6 
05.4 
02.5 
01.6 
00.1 
05.8 
05.0 
05w7 

05.8 
0S.7 

n.2 

06.2 
05.6 
08.7 
00.2 
06.7 
00.0 
03.2 
04.7 
92.1 
02.5 

(») 
80.8 
04.0 
04.7 
03.8 
06.7 
04.5 

03.5 
93.3 
92.7 
83.4 
02.4 

05.5 
OS.  5 
03.0 


Min. 


66.0 
66.0 
70.0 
71.2 
60.7 
68.2 
66.1 
70.4 

67.0 
66.1 
70.3 
70.5 
73.8 
66.5 
71.7 
74.4 
67.3 
72.1 

63.8 
71.5 

(») 
74.7 
7L5 
70.6 
73.0 
73.8 
70.1 


71.0 
70.4 
68.5 
70.0 
71.5 
70.1 
73.1 
70.4 
71.6 
72.0 
76.0 
7L6 
71.2 
74.2 

75.5 
45.2 

0) 
72.0 
65.5 
73.5 
72.5 
70.7 
72.0 
73.0 
73.3 
70.6 
75.0 
80.4 

(») 
71.4 
70.3 
72.5 
71.7 
60.0 
73.6 

72.3 
72.4 
58.4 
72.8 
72.4 

73.3 
71.8 
07.0 


August. 


87.3 
87.8 
87.6 
01.7 
00.5 
00.8 
87.6 
88.3 

02.7 
94.1 
88.7 
88.8 
89.9 
95.6 
89.3 
88.0 
01.2 
00.5 

01.5 

05.0 

90. 3« 

93.7 

01.0 

02.5 

88.4 

85.  G 

91.1 


89.7 
87.8 
01.2 
05.6 
91.0 
01.4 
00.3 
04.2 
80.6 
00.3 
80.2 
02.0 
03.2 
92.7 

06.2 
07.5 

(0 
01.4 
05.7 
06.8 
07.6 
88.8 
06.0 
89. 8 
04.0 
04.0 
96.0 
9L1 
0L6 
94.2 
92.2 
94.1 
94.8 
94.0 
06.6 

89.4 
02.4 
01.4 
01.3 
90.3 

01.4 
04.8 
02.1 


Min. 


September. 


Max. 


65.8 
67.4 
70.1 
70.8 
69.0 
68.5 
66.1 
70.1 

69.2 
65.0 
71.3 
68.2 
70.6 
67.2 
72.2 
72.0 
67.5 
69.6 

64.0 

69.8 

76. 1« 

71.0 

70.4 

70.6 

73.3 

71.0 

71.4 


71.0 
67.1 
60.4 
69.6 
70.5 
70.1 
72.6 
00.5 
70.8 
71.8 
74.8 
70.5 
70.5 
73.8 

76.3 
64.3 

0) 
72.5 
66.6 
73.0 
72.1 
78.2 
71.3 
72.8 
72.6 
72.8 
76.2 
77.1 
73.2 
72.2 
70.4 
70.5 
71.0 
60.6 
73.1 

70.2 
09.5 
G4.1 
71.0 
71.6 

71.0 
67.6 
04. 2 


80.0 
80.8 
70.3 
83.2 
83.0 
83.0 
70.3 
8L3 

83.7 
87.8 
81.2 
83.8 
85.4 
84.2 
83.1 
78.7 
86.3 
84.7 

84.2 
86.5 
85.8 
86.5 
85.0 
86.0 
84.6 
88.3 
83.4 


84.8 
80.6 
84.8 
88.7 
85.9 
84.8 
85.1 
86.4 
84.0 
83.7 
85.2 
86.7 
85.6 
85.2 

89.5 
90.2 
88.7 
85.5 
87.0 
80.2 
80.0 
84.5 
00.0 
86.6 
90.6 
90.4 

(») 
86.1 
84.8 
88.7 
87.7 
87.7 
85.3 
84.3 
89.7 

84.5 
85.3 
Kl.  0 
84. 7 
83.4 

82.7 
86.5 
81.1 


Min. 


60.5 
61.3 
65.5 
67.1 
63.0 
61.3 
61.0 
60.5 

65.5 
60.8 
67.8 
63.3 
67.9 
56.9 
68.2 
60.4 
63.9 
67.6 

63.9 
66.1 
74.3 
67.1 
64.0 
68.3 
70.9 
66.0 
67.3 


08.6 
68.0 
66.5 
66.4 
66.8 
66.6 
69.8 
65.4 
67.9 
67.9 
72.3 
67.7 
66.0 
68.5 

69.5 
62.9 
69.4 
70.2 
50.3 
70.2 
66.0 
75.1 
68.8 
70.4 
68.6 
70.1 

0) 
72.8 
68.0 
69.5 
68.7 
66.5 
68.6 
54.7 
70.6 

65.4 
66.6 
64.5 
06.7 
C7,3 

60.1 
62.  ry 
59.7 


October. 


Max. 


67.0 
63.0 
67.9 
70.3 
69.1 
71.6 
65.6 
68.9 

70.6 
7L5 
71.7 
70.7 
72.0 

(») 
70.7 
68.1 
72.9 
72.3 

71.1 
72.0 
72.7 
74.3 
75.0 
72.5 
72.0 
72.8 
72.6 


72.7 
71.5 
71.0 
77.8 
73.0 
72.1 
76.4 
73.2 
73.2 
73.5 
73.6 
75.4 
74.0 
72.5 

75.8 
82.4 
7&4 
77.5 
76.6 
80.4 
76.7 
75.2 
72.6 
78.3 
76.6 
75.2 

(') 
81.0 
72.3 
70.1 

(') 
79.0 
71.8 
75.2 
81.0 

72.3 
72.1 
72.0 
72.2 
72.0 

08.2 
72.5 
72.0 


Min. 


44.9 
46.2 
50.7 
50.9 
47.4 
46.3 
46.4 
49.4 

47.0 
44.8 
51.2 
45.4 
50.5 

(») 

52.4 

49.6 

46.5 

50.6 

47.3 
4a  5 
57.8 
40.4 
47.4 
45.4 
54.1 
40.3 
49.0 


48.7 
40.9 
48.2 
49.0 
48.4 
50.5 
52.4 
47.2 
50.8 
49.7 
58.5 
49.7 
48.7 
51.9 

56.4 
55.9 
55.0 
55.5 
4.'S.8 
54.6 
50.5 
63.9 
55.3 
58.8 
53.3 
40.5 

(') 
69.4 

52.8 

55.3 

0) 

50.7 

53.2 

43.0 

54.6 

4&5 
48. 9 
44.7 
49.5 
52.7 

49.8 
44.0 
42.5 


•For  18  days. 


*For  16  days. 
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Mean  of  the  maximum  and  minimum  temperatures  {in  degrees  Fahrenkmt)  at  tke  cotton- 

region  stations,  ^o. — Continued. 


DUtricts  and  atationa. 


IJtllo  liock,  Ark.— Cou*d : 

FortSiuUli,i^xk 

Helena,  Ark 

Kensott,  Ark 

Littlo  Itock,  Ark 

Madison,  Ark 

Ma^n^olia,  Ark 

Mai  vora,  Ark 

Monticollo,  Ark  ..... 

Newport,  Ark 

Paris,  Tox 

PinoBluif.  Ark 

Prescott,  Ark 

llasaollville.  Ark  — 

Toxarkaita,  Ark 

Mumphis,  Tonn.: 

Arllnjiton,  Tcnn 

I3at-eaviUe,  Miss 

1  Jolivar,  Tenn 

Browusvillo,  Tonn... 

Corinth,  Miss 

Covington,  Tonn 

Docatur,  Ala 

Dyersborj;,  Tenn 

(ri-and  Junctiou.Tonn 

(1  rcnacla.  Miss 

IIoTnando.MisH  

Holly  Springs,  Miss  . 

Memphis,  Tenn 

Milan,  Tenn    

Nashvill«»,  Tcnn 

Oxford.  Miss 

Paris,  Tonn 

Soottsboroagh,  Ala .. 

ToBCumbia,  Ala 


May. 


Max. 


7G.8 

K0.2 

73.  l» 

77.0 

KKO 

83.3 

82.0 

70.8 

80.1 

80.1 

78.0 

61.1 

75.8 

81.0 

70.0 
81.0 
76.0 
70.2 
80.1 
70.1 
80.4 
70.3 
77, 3 
84.5 
82.0 
77.0 
77.6 
8").  7 
Tf).  I 
79.4 
73.4 
77.7 
77.0 


Min. 


56.7 

57.1 

66. 7» 

CO.l 

53.0 

56.0 

51.8 

57.0 

57.4 

53.0 

51.1 

40.6 

56.6 

43.8 

64.1 
56.4 
54.7 
67.0 
54.2 
55.7 
54.8 
5r).  2 
50.4 
52. 1 
50.  H 
50. 3 
56.7 

r).'>.  1 

57.3 
50.  (I 
47.0 
5.').  8 
54.6 


June. 


Max. 


86.3 
01.6 
83.1 
80.0 
01.5 
03.7 
04.4 
02.1 
03.5 
00.4 
00.1 
93.4 
00.0 
88.9 

80.8 
83.8 
87.0 
80.1 

88.2 
80.4 
Ol.O 
SO.  3 
88.3 
03. 2 
04.0 
80.1 
89. « 
02. 1 
84.3 
90.  7 
87.4 
87.3 
00.1 


Min. 


67.9 
68.8 
67.2 
71.8 
65.6 
68.2 
66.0 
66.7 
67.0 
64.2 
65.9 
61.5 
67.4 
67.1 

65.2 
68.3 
66.0 
67.6 
67.0 
67.1 
05.7 
66.3 
67.3 
59. 2 
80.4 
70.3 
70.7 
60.7 
08.5 
68.3 
57.1 
65. 7 
65.6 


Jnly. 

Angnst. 

SeptemlMr. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

o 

o 

o 

o 

o 

o 

01.8 

71.2 

89.1 

68.2 

83.1 

62.6 

94.0 

71.5 

91.5 

6&6 

83.7 

63.2 

87.5 

60.6 

86.3 

65.1 

78.3 

81.0 

94.2 

75.4 

91.0 

72.7 

83.1 

67.0 

07.3 

67.4 

96.5 

61.3 

88.8 

56.1 

95.2 

71.0 

93.8 

70.6 

86.8 

64.8 

09.8 

66.2 

95.3 

82.0 

86.0 

60.0 

93.8 

72.5 

93.7 

70.2 

86.0 

84.1 

93.6 

71.6 

90.8 

67.7 

85.6 

82.7 

93.5 

65.3 

92.9 

64.8 

85.4 

58.2 

93.7 

72.1 

92.7 

70.1 

(«) 

(*> 

97.0 

82.7 

93.7 

61.5 

86.2 

5&2 

92.1 

68.5 

94.2 

67.8 

85.9 

62.2 

92.3 

71.7 

92.3 

70.5 

88.4 

65.8 

02.5 

67.2 

91.8 

57.8 

86.2 

55.8 

95.5 

70.8 

92.6 

67.7 

82.8 

84.2 

89.8 

71.9 

90.6 

66.7 

83.1 

81.5 

01.4 

70.6 

00.7 

67.5 

83.0 

81.8 

02.6 

68.5 

03. 4 

a->.i 

64.4 

60.5 

91.6 

69.7 

00.6 

66.3 

83.9 

61.4 

03.0 

69.4 

01.6 

68.6 

82.5 

62.7 

80.7 

69.7 

88.2 

66.5 

79.8 

60.4 

80.7 

60.0 

00.6 

67.3 

63.1 

62.9 

94.5 

68.6 

02.8 

6:).  4 

86.4 

60.8 

96.4 

80.8 

00.6 

71.6 

81.7 

62.6 

00.6 

iO.7 

00.4 

69.3 

82.0 

64.5 

00.8 

74.0 

89.0 

72.0 

81.8 

66.1 

02, 5 

08.7 

02.  2 

00.1 

84.3 

59.8 

8^.1 

71.2 

87.4 

70.1 

80.0 

65.5 

93. 0 

70.0 

02.0 

68.7 

83.8. 

65.3 

S9.0 

65.5 

89.5 

63.4 

82,2^ 

58.2 

80.1 

68.5 

88.3 

66.2 

81.0 

60.5 

00.5 

60.5 

01.8 

68.9 

82.8 

62.8 

October. 


Max. 


71.3 
69.9 
63.5 
70.8 
77.9 
73.8 
74.8 
7L8 
68.5 
74.6 

74.8 
72.6 
75.5 

71.9 
70.6 
70.1 
69.2 

(») 
69.5 
89:0 
64.4 
68.3 

o 

65.2 
67.5 
6ft3 
69.3 
66.4 
70.6 
67.3 
68.1 
80.5 


Mm. 


47.4 
4G.3 
45.9 
52.0 
33.5 
4a  9 
44.9 
46u6 
43.3 
49.8 

{*) 

4L2 

44.8 

48.1 

37.2 
46.8 
46.7 
4«.9 

4C0 
45.  <^ 
44.7 
47.6 

o 

44.  S 
4K» 

52.0 
44.7 
51.0 
46.9 
48.7 
44.6 
46.8 


1  For  24  dayi 


'No  record. 


*  Beoord  iocmiiplete. 
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APPENDIX   40. 

Average  temperature  (tit  degrees  Fahrenheit)  of  the  surface  of  the  ocean  at  statUms  of  the 
Signal  Service,  United  States  Army,  on  the  Atlantic  and  Gulf  coasts  for  each  month  of 
the  year. 

[Compated  from  observations  taken  at  2  p.  m.,  daily,  from  the  date  observations  began,  to  December, 
1885^  indosivo.  Prior  to  January  1, 1885,  obaervanons  were  taken  on  Washington  time ;  from  Janu- 
ary 1  to  December  81, 1885,  on  75th  merioian  time.] 


Stations. 


Bastport^Me 

Portland,  Me 

Boston,  Mass 

Block  Island,  B.  I . . 
Now  London,  Conn. 
Kew  Haven,  Conn. . 

New  York  City 

Sandy  Hook,  K.  J  .. 
AtlantioCity,N.J. 
f  ^bincoteasnie,  Ya  . . 

Norfolk,  Va 

Port  Macon,  N.C... 
Wilmington,  N.  C  .. 
R!nithvme,N.C..-. 
<niarleston,SbC.... 

Savannah.  Ga 

tXacksonville,  Fla... 

Key  West,  Fla 

Couar  Keys,  Fla.... 

Pensacola,  Fla 

Mobile.  Ala 

Galveston,  Tex 

IndianoUk  Tex 


Observations 
began. 


May, 
Dea, 
May. 
May, 
Apr., 
May, 
Dec., 
May, 
May, 

M^. 

j-^ec., 

July, 

Dee., 

Dec., 

Apr., 

Dec., 

Dec., 

•Tone, 

Deo., 

Apr., 

Deo., 

Deo., 

May, 


1874 
1873 
1881 
1881 
1874 
1881 
1873 
1881 
1881 
1880 
1873 
1R83 
1873 
1870 
1874 
1873 
1873 
1874 
1879 
1881 
1873 
1878 
1874 


r 


35.0 
83.4 
83.0 
87.1 
86.0 
82.0 
83.4 
87.8 
85.8 
38.0 
4L2 
48.2 
47.7 
47.5 
60.7 
40.0 
57.0 
72.0 
50.0 
55.3 
60.0 
54.8 
52.8 


83.1 
32.0 
31.6 
84.6 
35.1 
32.4 
82.6 
36.1 
37.0 
40.9 
44.5 
52.0 
50.4 
51.1 
53.2 
53.4 
61.0 
73.6 
63.7 
60.4 
54.8 
57.2 
5&6 


32.7 
33.5 
84.1 
86.5 
88.4 
35.6 
35.6 
88.6 
89.7 
43.0 
40.5 
54.0 
55.4 
55.4 
57.0 
58.4 
66.4 
75.7 
66.6 
63.4 
60.1 
63.8 
65.4 


Pi 


O 

35w5 
89.2 
42.4 
42.5 
46.6 
45.4 
43.6 
44.4 
47.7 
52.4 

66.1 
61.0 
62.5 
62.1 
64.2 
64.6 
71.8 
78.8 
72.6 
70.0 
65.6 
71.0 
7L9 


89.1 
47.0 
51.7 
40.8 
56.2 
56.0 
54.8 
53.8 
56.2 
65.4 
67.8 
71.4 
71.7 
72.3 
73.1 
73.1 
78.3 
82.8 
70.0 
78.0 
74.8 
7a2 
78.1 


o 

42.0 
64.8 
60.0 
68.4 
66.4 
66.2 
65.0 
63.3 
65.7 
75.0 
76.0 
76.9 
78.8 
78.7 
80.0 
80.0 
83.4 
86.1 
83.4 
88.8 
82.4 
84.4 
84.6 


^ 

•^ 


o 
46.8 
50.6 
64.6 
65.5 
71.4 
72.6 
72.4 
70.0 
72.1 
80.0 
80.0 
81.8 
83.8 
83.1 
83.6 
84.5 
86.6 
87.4 
85.0 
85.2 
85.8 
86.5 
86.6 


•0 


O 

40.8 
61.0 
64.9 
67.2 
71.9 
73.4 
73.3 
73.3 
72.8 
78.8 
80.5 
80.5 
81.5 
82.1 
83.2 
83.0 
85u5 
86.6 
85.6 
85.0 
85.0 
85.8 
86.0 


Pi 


50.6 
67.8 
62.3 
64.5 
67.7 
68.4 
00.3 
70.3 
71.1 
75.2 
74.8 
77.3 
77.0 
78.0 
78.0 
78.4 
82.8 
86.1 
84.2 
82.6 
81.0 
8L6 
82.8 


o 
O 


40.8 
52.3 
64.7 
57.7 
50.8 
58.8 
60.1 
61.4 
62.3 
66.2 
65.3 
70.0 
69.3 
70.6 
71.1 
71.0 
75.3 
81.4 
76.9 
76.1 
74.2 
75.5 
77.2 


V 

-I 


4a  2 
44.6 
44.3 
49.8 
49.6 

46.7 
48.5 
51.3 
52.3 
61.8 
64.4 
61.3 
59.5 
60.8 
69.5 
60.2 
67.3 
76.61 
66.8 
64.9 
63.4 
64.3 
65.0 


§ 


41.0 
36.0 
35.9 
41.7 
40.4 
37.1 
38.4 
41.0 
41.4 
41.8 
44.0 
61.8 
.49.9 
53.0 
63.2 
60.6 
50.0 
71.2 
60.6 
67.5 
63.3 
67.6 
59.6 
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APPEN  DIX  41- 

Normal  precipitation,  and  departure  of  1885  therefrom,  ai  $UUkm  tf 

[The  normal  has  been  computed  from  the  coi 


DifltrioU  an4  stationa. 


Now  England: 

Eaetport,  Me 

Portland.  Me 

Moant  Waahingtou,  N.  H. 

Bosf on,  Ma89 

Block  Island,  II.  I 

New  Havon,  Conn 

New  Loudon,  Conn 

Middle  Atlantic  States : 

Albany.  N.Y 

Now  York  City 

Philadelphia,  i»a 

Atlantic  City,  N.  J 

Barnogat  City,  N.  J.» 

Capo  May,  IS .  J." 

Sandy  Hook,  N.  J 

Baltimoro.  Md  

Washincton  City 

Capo  Henry,  Va 

Chinc-oteajiuo.  Va 

Lynchburg,  Va 

Norfolk,  Va 

South  Atlantic  States : 

Charlotte,  N.  C 

IlattoraH,  N.  C 

Kitty  Haw Ic.N.C 

Macon,  B'ort.  N.  C 

Sraithvillo,  N.  C 

Wilminffton.  N.  C 

Charleston.  S.C 

Augusta.  Ga 

Savannah,  Ga 

Jacksonyille,  Fla 

Florida  Peninsnla  : 

Cedar  Keys,  Fla 

Key  West.  Fla 

Sanford,  Fla 

East orn  Gulf  States: 

Atlantjk,  Ga 

Ponsacola,  Fla 

Mobile,  Ala 

Montgomery,  Ala 

Vicksburg,  Miss 

New  Orleans,  La 

Western  Gulf  States: 

Shroveport,  La 

Fort  Smith,  Ark 

Little  Rock.  Ark 

GiUveston,  Tox 

Imliauola,  Tox 

Palestine,  Tex 

S.in  Antonio,  Tex 

Rio  Grande  Valley: 

Brownsyillo,  Tex  

Uio  Grande  City,  Tex  . ... 
Ohio  Valley  and  To'nnessee : 

Chattanooga,  Tenn 

Knoxville,  Tenn 

Memphis,  Tenn 


January. 


'3 

i 


In, 

3.31 

3.30 

4.24 

4.26 

5.28 

4.22 

4.21 

2.77 
8.07 
3.38 
4.00 
4.03 
4.37 
4. 32 
3.17 

3.41 
4. 90 
4.04 
4.40 
4.04 

0.50 
G.6J 
6.06 
6.05 
3.0Q 
4.03 
4.12 
4.  GO 
3.64 
8.66 

5.21 
2.40 
L80 

7.34 
5.59 
5.41 
4.98 
6.65 
5.72 

5.28 
2.02 
4.70 
4.11 
2.30 
4.62 
L34 

2.18 
L21 

a  01 
6.06 
5.05 


2 


February. 


/». 

-fO.55 
—0.28 
-fl.25 
+1.07 
+0.02 
-0.17 
+L23 

+0.32 
—0.17 
-0.46 
+0.27 
-0.50 
+0.01 
+0.  20 
-0.10 
+0.  0.5 
—1.60 
+1.26 
+5.31 
—0.01 

+2.40 
+1.35 
-0.01 
+0.29 
—0.32 
+  1.15 
+2.76 
+2.86 
+2.81 
+3.52 

-0.24 
+L69 
-L20 

+L10 
+2.53 
+6.64 
+4.74 
+2.04 
+3.98 

+6.83 
—0.03 
—0.29 
+2.86 
+4.10 
+3.15 
(») 

+  L69 
+L15 


In. 

4.13 

3.26 

8.99 

3.64 

5.91 

4.25 

3.66 

2.72 
3.55 
3.19 
8.34 
3.52 
3.79 
3.60 
3.37 
3.24 
3.60 
3.78 
3.44 
3.90 

4.64 
6.19 
8.97 
3.08 
2.94 
3.38 
8.69 
3.93 
8.13 
3.50 

8.75 
1.08 
2.79 

6.73 
4.27 
4.47 
6.35 
6.22 
4.15 

5.07 
0.01 
7.62 
2.86 
L82 
3.30 
L83 

L77 
1.07 


S 
P 


March. 


In. 

-1.18 
+0.42 
-2.12 
-0.64 
-2.23 
-1.10 
+0.37 

-1.S4 

+2.54 
-0.22 
-L34 
-2.05 
-0.08 
+  0.94 
+  1.03 
+  L39 
+0.13 
-1.78 
+0.05 
-0.11 

-0. 10 
-0.69 
+2.20 
-0.09 
-1.24 
-0.86 
-0.05 
—0.69 
-0.02 
+1.73 

+5.27 
+2.09 
+1.17 

—1.59 
— L07 
—1.82 
-L67 
—1.29 
— L76 

-1.70 
—4.32 
—5.19 
—0.82 
—0.13 
—0.28 
(») 

+0.75 
+0.05 


*  Station  closed  December  31,  1885. 


+0.48  5.38  —1.88  6.25  —4.40  5.24 
+1.58  5.01  -2.04  6.74  —2.64  6.62 
+0.66  5.16  —0.28  5.06  —2.89  a  80 

<  Stat  ion  closed  October  31. 1885. 


-i 


o 
'A 


In. 

5.33 

8.14 

6.84 

4.71 

4.03 

4.89 

4.82 

2.75 
8.90 
8.19 
8.87 
4.66 
4.07 
4.99 
3.94 
4.09 
5.8!> 
4.01 
8.84 
4.68 

5.27 
7.47 
6.05 
5.88 
3.96 
4.30 
4.28 
6.48 
4.05 
8.27 

3.27 
0.66 
2.35 

6.74 

4.40 
7.77 
6.48 
0.59 
6.00 

4.79 
1.72 
4.83 
3.14 
2.65 
3.40 
2.39 

L25 
1.04 


I 


£ 

a 

S  o 
§•+ 
P 


In, 
+0.50 
-L55 
-5.89 
-3.60 
-3.22 
-3.70 
-3.27 

-2.13 
-2.71 
—2.50 
-2.92 
-4.43 
-2.68 
—4.32 
-2.84 
-2.56 
-3.38 
-1.76 
-2.66 
-1.64 

-2.86 
-3.75 
-2.57 
-2.79 
-L78 
-2.25 
-2.52 
-3.63 
-0.04 
+2.39 

-0.20 
+0.53 
+2.25 

—2.48 
+0.14 
-1.41 
-3.55 
-4.67 
+0.99 

—3.00 
—0.04 
—0.99 
+0.03 
—0.60 
—1.15 
+L48 

+0.29 
—0.63 


April 


e 


In. 

8.80 

2. 08 

6.59 

4.01 

8.40 

4.02 

3.87 

2.81 
a  16 
8.00 
3.49 
8.66 
8.16 
4.38 
3.07 
2.90 
6.16 
2.68 
8.40 
3.07 

4.55 
6.54 
6.59 
3.87 

3.:r2 

8.84 
4.67 
4.83 
4.51 
3.80 

2.50 
1.83 
8.05 

5.18 
6.08 
6.97 
6.27 
7.06 
0.1 

6.08 
4.86 
6.24 
8.30 
1.81 
4.85 
3.15 


s 

fi 

1^ 


In, 

+L65 
-0.89 
-2.03 
-0.71 
-0.75 
— L71 
-0.53 

+0.08 
-0.72 
-0.40 
-1.81 
-2.67 
—1.29 
-1.91 
—1.70 
-LI9 
-3.71 
-1.61 
-2.01 
-2.05 

-L72 
-2.38 
-L64 
— L54 
-L41 
-0.20 
-8.50 
-2.65 

-a  40 

-2.06 

-2.35 
-0.86 
-2.43 

-3.87 
+0.41 
-0.73 
-2.85 
+1.04 
-2.50 

+0.09 
+2.77 
—0.21 
+0.82 
+3.38 
+0.29 
+L97 


0.65   +0.02 
LOO   +L44 


—3.64 
—3.59 
—3.30 


ICay. 


In. 

4.54 

8.16 

6.52 

8.52 

4.80 

3.60 

3.56 

2.87 
2.82 
SL80 
2.30 
2.54 
3.70 
8.97 
2.05 
2.06 
3.83 
3.42 
8.05 
S.50 

3.83 
4.18 
8.27 
4.15 
8.05 
4.43 
4.86 
3.32 
2.06 
4.20 

2.72 
3.06 
3.01 

3.20 
4.38 
4.85 
4.11 

5.001 
5.54 

5.12 
3.08 
6.44 
4.58 
3.49 
&44 
8.83 

3.43 

3.591 


r 


8.51 
4.74 


In, 

+a2s 

-L25 
—4.23 
+0.74 
-0L75 
—0.09 
+1.46 

-0.05 

—a  60 
+a87 

+L22 
-LOT 
-2.50 
4-L30 
+L55 
—0.13 
+L00 
+3.80 
+2LS1 
+2L00 

+8wl4 
+2.86 
+3L49 
+X71 
+3.05 
+«wl5 
-2.16 
+2.54 
+1.02 
+2.64 

+1.76 
-1.50 
+L08 

+2.02 
-2.06 
-1.58 
+4.81 
-0.04 
+0.21 
I 
— 1.4« 
— 1.3* 
—a.  18: 
+L83' 
+L78 
—2.36; 
+4.09. 

I 
+3.74 
+6.60 


3.78   +1.84 


+8.68 
-LOO 


*No  record. 
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APPENDIX  41. 

tt«  Slf»al  Senioe,  VniUd  State*  Army,  for  each  montK  of  lh«  ^mr. 
■eat  of  cbMTTHloiutoDeoemtMr,  lS8G,IiiG]iulve.[ 


J 

^ 

July. 

Aogort. 

S.p«.bo. 

»"'*- 

i 

i 

i 

P 

1 

is 

1 

1^ 

i 

1? 

In. 

% 

/». 

In. 

In. 

Jn. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

4.14 

4-1). » 

4.»8 

8.3. 

+0.83 

3.M 

Wl.tf 

+  L29 

4.01 

+LSO 

3.  SI 

3.83 

+L8 

+1.10 

2.8 

8.8 

+0.7 

-oil! 

—0.19 

s.a 

t*:! 

laB 

+0.40 

8.1. 

+8.1 

T3.5 

oiss 

+0.04 

-0,H 

B.» 

-1.13 

4.31 

+S.0 

2.ft 

6.10 

+0.08 

163 

S.Z 

-2.87 

1 

+o!8 

4.44 

+0.1S 

4,82 

+0.08 

-.7: 

4.71 

-2.M 

+13 

+  L51 

8.98 

I0.47 

6.7J 

-3.42 

a4e 

4.4 

— L74 

8.1$ 

+2.34 

3;  28 

— L81 

' 

30 

+1-80 

4.22 

+L47 

S.64 

+0.11 

-l.« 

4.12 

-2.1 

a,7i 

+3.88 

1.10 

-L* 

2! 

+2.25 

IBg 

+1.22 

18i 

32 

4.41 

+1.0 

3.44 

+2.M 

3H 

-i-LSa 

—0.40 

a.n 

-L8 

+1.8 

3.82 

-2.li 

2:89 

+D.44 

+0.14 

+0.28 

-i.a 

%% 

+L1B 

5.0- 

1.14 

3.8 

+0.12 

3:7; 

+3.11 

4.81 

-0.08 

3.M 

IBS 

-l.W 

+i!i 

+0.ft 

+0.81 

—1.63 

3.SI 

—La 

S.2t 

-L« 

Bin 

-8.11 

3.81 

(*) 

(■) 

4.11 

-171 

4.81 

4.r 

+0.7 

4.88 

4.1; 

+0.80 

3,0: 

+0,12 

-1^1.1 

4.  SI 

+3.88 

8.81 

8.11 

+3  41 

+0.03 

-1.08 

4.  SB 

— i.a 

4.8 

+  .S 

-\.» 

8.  a 

+6.(0 

2.8: 

+0.4; 

10! 

-o;i6 

3.01 

-LI- 

S.39 

— lOi 

4.» 

*■" 

— Lia 

4.1; 

4.32 

3.M 

S.a 

+0.6) 

— LOI 

+2.« 

4.09 

+0.07 

3.4S 

-till 

+1:1: 

s-v 

aii 

a.  si 

-0.48 

388 

I0.70 

4.ZS 

(ill 

OlOs 

4.70 

1.89 

-0.31 

3.40 

+L1B 

184 

+0,10 

4.11 

-an 

ILK 

+0.41 

4.81 

-0.37 

1.28 

+0.19 

3.«S 

+2.08 

4.01 

+aft 

6.  If 

-J* 

4.TI 

— tn 

&» 

-1.88 

— 0.U 

8.99 

+3.2! 

&«! 

-«.« 

7.41 

— 4.08 

8.ft 

— LB3 

4.44 

G.21 

—0.81 

6.1^ 

+L11 

4-«;n 

A  41 

8.41 

+1.21 

— 0.»4 

8.7! 

1.91 

+8.81 

Tlis 

G.a 

8.88 

+0.B' 

fts; 

+0.43 

3.14 

+1.11 

1:0.00 

+Lei 

-ail 

7.81 

+416- 

2.76 

3.M 

+0.17 

+(>-« 

7.31 

+0.11 

8.1. 

+11.01 

&81 

— 122 

+311 

1.27 

+161 

4.»« 

4.38 

— o.«e 

-LB8 

3.  sol 

2.21 

3.93 

— L(9 

+L11 

S.OI 

+18; 

+8.28 

8.88 

+0:1 

141 

-Leo 

166 

+1.06 

+a!3 

^" 

+1.7B 

7.oe 

+0.48 

7.89 

b!22 

2.86 

-2. 48 

+1.47 

ASS 

+4-W 

B.80 

+0.87 

8,67 

+0.3; 

5.81 

+0.20 

1.92 

+0.88 

1,01 

—1.44 

110 

+0.64 

-tt4J 

4.0; 

— o.ea 

—1.28 

—LBS 

l.Sd 

&D1 

+0.T1 

— L4i 

8.00 

+4.73 

B.20 

+1:10 

0.70 

-0.41 

L60 

+a3a 

4.11 

+ftM 

1.17 

+0,85 

4.20 

+iBa 

1.27 

+3  24 

+1.29 

-498 

HIT 

— Ln 

-3.14 

+La» 

0.62 

— L6S 

6.44 

+6.B 

8.27 

5.K1 

-LH 

fl-t 

-1.44 

7.0 

-oM 

&31 

+10 

-2.48 

+0.17 

4.7S 

+0.28 

4,7S 

—0.4! 

t.<» 

+8.88 

+0.B; 

1.83 

— 0,K 

+0.03 

6.26 

-III 

3:73 

-<).« 

4.11 

+1» 

s!a 

4.48 

+4!8C 

1.8( 

-2.39 

&ffi 

—143 

6.87 

a<u 

-tn 

«.B7 

5.83 

—123 

4.91 

+8.64 

3.17 

-1.81 

9123 

-L81 

t.02 

^64 

B.4.. 

-t-in 

+0.8S 

1.83 

—1.01 

4.19 

+211 

1.72 

+0.80 

4.87 

—0.84 

6.31 

L22 

3.3 

H-LM 

1.(1 

-1.1( 

1.3 

+a«5 

3.84 

-2.65 

~L87 

-120 

S.11 

-LSI 

+&og 

1.3 

—2.19 

8.88 

300 

-3.07 

— l.Bl 

4.06 

4.1 

-0.B1 

—LSI 

6.11 

7.68 

+  1K4S 

-2.80 

an* 

-2.3a 

2.38 

-0.B0 

1.88 

-1:21 

7,01 

+3.35 

3: 71 

—i.» 

-0.42 

3,oi 

-L71 

Z.B 

'— «.u 

2.<n 

(*) 

2.04 

+1.41 

-105 

B.65 

l.» 

-LM 

+^8. 

3.3) 

-■iia 

Im 

I3.O3 

148 

—1.83 

1:70 

-L08 

-oiia 

— l.W 

2.13 

4.IU 

s.in 

—2  07 

+X14 

130 

i!»i 

-1.20 

^M 

4.0J 

—ion 

+  LBI 

137 

^K 

0.77 

— O-Oi 

L2a 

-o:87 

4.M 

4LH 

3.80 

+1.00 

+2.39 

3.81 

+1.61 

4.88 

+1.32 

6.83 

—112 

4.37 

-o.ii 

3.27 

+4.S0 

4.81 

+L8t 

4.47 

—0.01 

B.07 

IJilB 

■Lv, 

*\.« 

ios 

-1.35 

1.03 

+i;i; 

1. 

58 

-2.40 

4.43 

1l17 

1.00 

-1.07 
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REPORT  OP   THE   CHIEF  SIONAL  OFPICEE. 


Normal  precipitation,  and  departure  of  1885  iherqfiram,  at  ttatiom  of  Ut$ 


Dintricts  and  stationa. 


Ohio  Vallev  and  Tennesaoo— ConiM: 
Nashville,  Tonn 

Louiavillo,  Kv 

ifiToncastio,  Ind 

Indianapolis,  Ind 

Cincinnati,  Ohio 

</*olnrabn8,  Ohio 

Pittsbnrg,  Pa 

Lower  Lakes : 

Baffulo,N.y 

Oawego.  N.  Y 

Rochester,  N.Y 

Erie,  Pa 

Cleveland,  Ohio 

Sandnskv,  Ohio 

Toledo,  Olilo 

Detroit.  Mich 

Upper  Lakes : 

Alpena,  Mich 

Escanalia,  Mich , 

Grand  Haven.  Mich , 

Mackinaw  City,  Mioh 

Marqnotto.  Micli 

Port  ETnron,  &Iich 

Chicaco,  III 

Milwaukee,  Wis , 

Dolnth,  Minn     

Upper  MlBsissipni  Valley: 

Saint  Paul,  Minn 

La  Crosse,  Wis  

Davenport,  Iowa 

Des  Moines,  Iowa 

Dnbnqnof  Iowa 

KookuK.  Iowa 

Cairo,  111 

Sprin^cld,  Dl 

A     Saint  Lonis,  Mo 

Missoari  Valley : 

Leavenworth,  Knns 

Omaha,  Nohr 

Bennott.  Fort,  Dak.* 

Ilaron.Dak 

Snlly,  Fort,  Dak 

Tankton.Dak 

Extreme  Northwest : 

Moorliead,  Minn 

Saint  Vincent,  ^linn 

liismarok.  Dak 

Baford,  Fort,  Dak 

Totten.  Fort,  Dak 

Nort  hem  Slope : 

Assinabolne.  Fort.  Mont 

Benton.  Fort,  Mont 

Cnator,  Fort,  Mont 

Helena,  Mont 

Maginuis,  Fort,  Mout 

Poplar  River,  Mont 

Shaw,  Fort,  Mont 

Dead  wood,  Dak 

Cheyenne,  Wvo 

North  Platte,  Nobr 

Middle  Slope: 

Denver.  Colo 

Pike's  Peak.  Colo 

West  Las  Animas,  Colo 

Dodf^e  City,  Kans 

KUiotts  Fort,  Tox 

Southern  Slope: 

Rill,  Fort.  lad.  T 

Concho,  Fort,  Tex.» 

Davis,  Fort,  Tex 

Stockton,  Fort,  Tex 


January. 


^ 


In. 

5.24 
4. 23 
3.26 
2.83 
3.  GO 
3.18 
8.  DO 

2.69 
3.09 
3.35 
3.45 
'J.  45 
2.21 
2.16 
2.12 


8 

p  r 

5^ 


Febmary. 


"a 

I 


e 

If 

H 


& 


March. 


In.      In.      In.      In.      In.      In.      In.      In.     In 


ApriL 


1 


o   to* 

1.28 
2. 38; 
5.K8 
1.27 
2.01 
2.07 
1.00 
U.08 
I 


+  1.05 
+2.11 
±0.00 
+0.48 
+2.20 
+0.67 
-1-0.04 

+0.41 
—1.07 
—1.23 
+0.15 
+0.18 
+  1.08 
+0.0C 
—0.23 

—0.03 
+  0.06 
+0.82 
—1.49" 
•1. 5«>! 
1.86 
+1.11 
-0.80 
—0.3? 


ft 


0.98 
1.40 
1.70 
1.02' 
1.4G' 
1.60 
4  19; 
2. 05 
2.17 

L33 
0.55 
0.73 
0.U' 
0..'i7 
0.57 


0.74 
0.33 
0.51 
0.73 
0.22 


—0.68 
—0.69 
+0.40 
—0.02 
+-0.34' 
+0.78| 
— 0.70| 
+0.76, 
+  L09 

+0.14' 
—0.14 
—0.59 
+0.01 
—0.20 
— 0.0t 

—0.72 
—0.01 
—0.22 
—0.09 
—0.05 


1.19  —0.36 
0.82  +0.12 
—1.04 
—0.60 
—0.14 
+0.28 
+0.56 
+0.59 
—0.11 
—0.44 


1.12 
LOlj 
1.32 
0.53 
L31 
1. 01 
0.27 
0.56 


0.64 
L62 
0.21 
0.28 
0.31 


1.10 
1.14 
0.63 
0.31 


—0.23 
-0.91 
+0.01 
+0.2i 
f0.14 

-^.60 
+0.10 
+0.06 
+0.18 


5.31 
4.71 
2.01 
3.62 
3.09 
3.86 
2.60 

2.47 
2.49 
2.55 
3.26 
2.63 
3.14 
1.02 
2.40 

2.11 
1.37 
2.10 
3.80 
1.40 
2.49 
2.32 
1.87 
LOO 

1.02 
1.12 
1.55 
1.5t 
1.52 
1.71 
4.34 
4.90 

aoi 

1.53 
0.83 
0.64 
0.38 
0.31 
0.81 

LOl 
0.39 
0.65 
0.40 
0.42 

0.58 
0.51 
0.44 
0.75 
0.77 
0.49 
0.53 
1.10 
0.22 
0.37 

0.4M 
L.'iO 
0.31 
0.54 
0.34 

1.77 
L14 
0.10 
0.84 


—3.31 
—1.83 
i:0.00 
—2.08 
—1.32 
—1.47 
—0.60 

—0.90 
—1.27 
—1.01 
—1. 16; 
—1.04' 
—2.811 
— L3ll 
-L  14 

-0.48 
—0.44' 
—0.53 
—0.30 

+0.00 
—0.81 
—1.88 
-0.77 

-0.82 
—0.84 
—0.85 
— L12 
—0.80 
—0.67 
—2.86 
—3.06. 
—2.17 

—0.66, 
—0.86, 
—0.43 
—0.16 
—0.01, 
—0.41 

—0.1 
—0.20 
—0.20 
—0.05 
-4).  17 

+0.20 
+0.09 
—0.28 

+o.or 

+0.27 
+0.16 
+0.25 
+L6e 
+1.00 
—0.21 

+  0.27 
+2.41 
—0.02 
—0.07 
+0.43 

—0.67 

— o.rj 


+0.09  0.41 


6.25 
4.13 
0.66 
3.01 
3.64 
3.18 
2.96 

2.88 
3.05 
3.24 
3.08 
2.02 
2.08 
2.15 
2.07 

1.07 
1.74 
2.60 
1.31 
L40 
3.67 
2.80 
2.06 
L60 

L65 
L70 
2.20 
L33 
2.28 
2.22 
3.07 
2.83 
2.86 

2.34 
L50 
LOl 
0.72 
O.OL 
Lli 

LOS 
0.64 
L0« 
0.45 
0.42 

0.64 

0.73 

0.48 

0.88 

0.01 

0.87 

0.62 

L07 

0. 

0.61 

0.87 
LOO 
0.45 
0.81 
0.53 

L35 
L30 


—2.02 
—^.11 


:fe0.00  4.61 
—3.00  8.57 
-3.08  8.23 


Mfty. 


2.0  • 


<s- 


6.63 
4.60 


—2.63 

— L82 

— L35 
—2.67 
—2.28 
—1.25 
—2.05 
—LOS 
— L62 
2.01 

—0.72 

+a4e 

— L48 
—0.10 
+0.74 
—2.80 
—2. 28 
-2.44 
—0.82 

—LOO 
— LIO 
—2.03 
— L29 
— L87 
—2.05 
—3.80 
-2.66 
-2.46 

—2.03 
— L17 

•r-4). 

—0.60 
—0.86 
87 


f  ^p  record. 


+0.07 
Ktatiofi  closed  November  30,  ISSfi, 


L88 


—0.72 
—0.08 
—0.88 
—0.42 
—0.27 

—0.61 
—0.88 
—0.24 
-0.10 
—0.21 
—0.85 
—0.17 
+L84 
—0.05 
—0.24 

+0.10 
—1.01 
-0.09 
—0.06 
+L33 

±0.00 
+0.44 
+0.87 
+0.40 


8.21 
2.60 

2.43 
LOO 
2.65 
2.60 
2.45 
2.52 
2.28 
2.28 

L85 
LOS 
2.62 
LIO 
L72 
2.16 
8.63 
2.96 
2.08 

2.16 
2.03 
8.03 
2.78 
2.07 
8.12 
4.11 
3.721 
8.50 

3.87 

8.55 

2.20 

2.53 

L! 

3.26 

L75 
L22 
2.80 
L84 
2.72 

0.70 

0.84 

LOO 

L23 

0.67 

0.77 

0.60 

4.81 

L24| 

L82 

2.00 
8.50 
0.85 
L25 
L44 

2.40 
2.28 
0.68 
0.45 


— L78 
+0.84 
±0.00 
+L71 
+0.11 
+L40 
+0.29 

+L04 
—0.13 
+0.41 
—0.25 
+0l07 


+0.13 
45 


+a4S 
+L28 
— L24 
+0.60 
+a24 
-^.90 
+0.87 
—0.64 
—LIO 

+L03 
—0.18 
—0.56 
+0.84 
+0.72 
+0.21 
-2.08 
+2.M 
+L34 

+2.70 
+2.79 

— OLdO 
— L40 


+0.70  2.78  -0.» 


+L82 

+L08 

+L 

+0.83 

+0.87 

+0.85 

-0.41 
—0.20 
—0.56 
— 0. 
+0.84 
±0.00 
—0.00 
— L70 
+2.  SI 


+2.88 
+L80 
-0.40 
+0.14 
+3.23 

+0. 10 
+L94 
-«.12 
+0.28 


3.651 

8.04 

3.87 

4.25 

3.56 

4.70 

2.78 

S.04 
2.82 
8.15 
8.67 
8.25 
3.61 
8.33 
3w03 

8.80 
8.00 
8.42 
8.00 
8.00 
8.11 
8.81 
3.43 
8.88 

3.51 
8.30 
4.?8 
6l58 
8.00 
4.07 
4.27 
&40 
3.71 

6.U 
4.06 
2.66 
4.26 


4.54 

8.15 
2.89 
8.03 
3.01 
L45 


+a7i| 

+0.8q 
i:«.Ni 

— LM 
+L» 

+a4i 

+01711 

-LB 
+1.8 
+0.6 
+OLfil 

+L7S 

+o.r] 

-LOi 

-4.9 
-4.2s 

-CL37 
+0.19 
+0.0 

-3.02 
-3L33 

-1.S9 

-2.M 

-8.83; 

-l.» 

-L4* 

—LOS 

-tfi2 

-0.91 
I 

+0.79 
-41 55, 
— 0.1« 
+ft.M 


.53 

-0.8S 
-0.7« 
-110 
-0.», 
+0.25 


&88 


S.10 
4.33 
L50 
LSI 


+L35 


+0.44 
-L52 
+0.38 
+0L9I 


•86ptMnber;5,|8IK^ 
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Signal  Service,  TTnited  States  Army,  for  each  month  of  tl%6  j/ear— Cent tiiao<l. 


June. 

July. 

* 

August 

September. 

October. 

Kovomber. 

December. 

o 

epartare 

• 

1 

*  + 

o 

eparture 
+or— . 

1 

Departure 
+or— . 

•a 
g 

o 

epartare 
+or— . 

O 

1 

Departure 
+or— . 

^ 

P 

'A 

p 

f^ 

P 

'A 

P 

& 

'A 

P 

>^ 

In. 

In. 

In. 

In, 

In, 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

4.17 

—0.45 

5.02 

+0.24 

3.26 

-2.24 

3.49 

+2.11 

3.01 

—0. 02 

3.82 

—1.09 

8.78 

— 0.«8 

4.39 

-1.21 

4.22 

—2.21 

3.51 

-0.64 

2.98 

+2.73 

3.50 

+1.47 

3.76 

+2.41 

4.41 

—1.57 

8. 04 

±0.00 

4.22 

±0.00 

7.24 

±0.00 

6.01 

4:0.00 

2. 47 

+  1.20 

2.14 

+  0.40 

5.31 

-1.43 

5.47 

+0.27 

5.51 

—4.08 

3.29 

+2.  .53 

2.68 

-0.82 

3.37 

—0.12 

3. 65 

—0.94 

3. 45 

—1.00 

4.74 

—0.76 

3.02 

—2.52 

4.08 

+0.87 

2.32 

+0.40 

2.94 

—0.04 

3.25 

-0.92 

3.83 

—2. 01 

3.99 

+1.09 

3.66 

—0.38 

3.87 

+2.03 

2.52 

+0,32 

3.47 

-^.36 

3.31 

-0.2:{ 

8.66 

— L71 

3.51 

-0.83 

4.63 

—2.10 

3.32 

+2. 32 

2.59 

—0.90 

2.66 

+  1.63 

2.45 

4-0. 12 

2.93 

— 1.2U 

3.37 

+3.02 

8.67 

—0.04 

3.43 

+7.20 

3.16 

+  1.72 

3.96 

+2.23 

8.43 

—0.77 

3.40 

+1.05 

3.38 

+0.56 

3.38 

+L51 

2.44 

— O.07 

2.56 

+1.06 

3.46 

—0.13 

3  19 

—1.02 

3.67 

+«.  20 

3.32 

+0.95 

8.42 

—0.68 

2.95 

—0.75 

2.34 

+0.15 

3.21 

—0. 55 

2.76 

—0.66 

2.99 

—0.74 

4.J7 

+2.67 

3.36 

—1.83 

8.40 

+4.67 

4. 25 

— o.a3 

4.55 

+3.62 

4.57 

+1.26 

3. 42 

—0. 23 

4.45 

+2.77 

4.29 

+0.19 

3.41 

+1.73 

8.77 

—1.76 

3.10 

+0.68 

2.69 

+1.Q8 

2.69 

—1.01 

4.90 

+1.71 

4.16 

—1.08 

4.03 

-0.16 

3.31 

—1.19 

8.18 

—0.26 

3.28 

—0.53 

2.78 

-1.01 

3.68 

—0.32 

8.68 

—1.19 

2.94 

+0.66 

2.44 

-^.27 

2.81 

—0.89 

2.88 

+0.22 

2.51 

+0.38 

3.78 

—0.42 

4.03 

—1.20 

2.98 

■ 

+2.07 

2.60 

—1.06 

2.73 

—1.05 

2.48 

-4).  29 

2.77 

-0.47 

3.86 

—2.12 

3.46 

—0.94 

3.73 

+3. 45 

4.59 

—0.83 

4.66 

—0.26 

2.86 

—0.30 

2.39 

+0.73 

4.60 

-2.06 

3.36 

—1.22 

4.18 

+1.07 

4.21 

—2.52 

8.87 

—1. 52 

2.68 

+0. 73 

1.8J 

+1. 54 

4.63 

4-1.02 

8.39 

-^.26 

3.00 

+1. 82 

3.97 

+0.74 

4.04 

+0. 1 1 

3.18 

-1.55 

2.6:J 

+0.77 

2.58 

—0.70 

3.47 

+0.08 

2.67 

+0.11 

1.81 

—1.12 

2.91 

—0.87 

3.03 

-0. 82 

4.05 

—2. 32 

4.08 

-^.74 

3.25 

—1.40 

3.10 

—0.63 

4.95 

—3.95 

8.77 

—0.86 

2.45 

+  1.65 

2.08 

-0, 21 

4.01 

+1.28 

2.04 

+0.06 

2.82 

+0.40 

2.45 

—0.39 

3.17 

—0.65 

2.70 

+0.40 

2.43 

+0.10 

4.35 

-fO.85 

8.84 

—1.40 

8.23 

+8.05 

2.79 

+0.18 

3.84 

+0.03 

2.84 

—0. 51 

2.30 

+  1.05 

4.23 

+2.26 

3.45 

+  0.78 

3.09 

+4.30 

3.14 

+0.16 

2.77 

—0.37 

2.09 

-0.56 

1.89 

+0. 82 

5.33 

—0.51 

4.06 

—0.60 

3.49 

—0.98 

4.43 

—2.08 

2.98 

—2.10 

1.73 

—0.36 

1.33 

—0.79 

4.94 

-1.21 

3.38 

+2.48 

3,76 

-0.07 

3.36 

+0.18 

2.14 

—1.21 

1.32 

—0.72 

1.29 

—0.65 

4.75 

+0.17 

5.29 

+3. 22 

3.65 

±0.00 

5.09 

—0.31 

2.58 

—2.28 

1.89 

—1.29 

1.33 

+0.64 

4.80 

—2.72 

3.78 

—2.12 

4.21 

+8.47 

3.35 

+0.84 

3.00 

—0.88 

2.05 

—0.85 

1.70 

+0.25 

7.01 

—2.88 

4.36 

+2.19 

.3.88 

+1.22 

3.39 

+  1.43 

4.65 

—0.47 

2.35 

—1.74 

1.50 

+0.37 

5.69 

+0.47 

5.38 

+0.97 

3.84 

+4.18 

4.87 

—0.29 

8.14 

—0.82 

2.20 

—1.68 

1.90 

+1.24 

5.61 

—1.36 

4.51 

—2. 22 

8.08 

+2.90 

3.65 

+0.12 

3.56 

+0.03 

2.01 

—1.13 

2.25 

-0.29 

4.53 

+0.10 

4.01 

—3.22 

2.76 

—0.36 

2.72 

+2.04 

3.20 

—0.40 

3.94 

—1.15 

8.68 

—0.67 

6.49 

—2.21 

2.54 

—0.72 

2.87 

+  1.95 

.3.43 

+  1.04 

4.60 

+1.70 

8.21 

—1.77 

3.26 

—0.74 

4.99 

—2.69 

4.14 

—1.56 

2.50 

+0.46 

to  3.21 

+5.77 

3.07 

+4.44 

2.63 

—0.95 

2.42 

—0.39 

6.59 

— L59 

5.08 

—0.52 

3.43 

+1.77 

3.55 

+4.10 

3.42 

+0.81 

2.44 

—0.58 

1.67 

—0.70 

0.46 

—3.79 

6.17 

+3.07 

3.59 

+0.94 

3.53 

—1.03 

3.15 

+0.71 

1.32 

—0.59 

l.Ol 

+0.10 

3.97 

+1.65 

2.17 

—0.62 

2.21 

+3.66 

1.24 

+0.23 

0.09 

—0.65 

0.29 

—0.01 

0.45 

(») 

4.70 

+0.73 

4.80 

—0.34 

2.92 

+0.97 

1.90 

+0.71 

1.09 

—1.01 

0.56 

+0.94 

0.32 

—0.22 

.3.56 

+1.56 

2.50 

+0.21 

2.02 

+2.48 

1.19 

1-0.58 

0.70 

—0.58 

0.43 

+0.22 

0.46 

—0.32 

4.91 

—2.04 

3.98 

—2.01 

2.87 

+3.34 

2.89 

+1.01 

1.76 

• 

—0.52 

0.53 

+2.16 

0.70 

—0.03 

4.62 

+3.30 

4.42 

—1.08 

3.84 

—2.37 

2.64 

—0.44 

2.88 

—2.20 

1.02 

—0.38 

0.82 

—0.50 

2.68 

+0.24 

2.74 

+  1.08 

3.13 

—2.18 

1.95 

—0.97 

2.43 

—2.50 

0.56 

+0.66 

0.56 

—0.02 

3.53 

—1.14 

2.36 

+0.05 

2.71 

—1.09 

1.32 

—1.18 

1.23 

—0.69 

0.71 

—0.05 

0.77 

—0.43 

3.16 

+2.89 

2.50 

+0.46 

1.19 

+0.31 

0.78 

-0.52 

0.84 

—0.65 

0.39 

+0.17 

0.86 

—0.72 

2.98 

+0.47 

i.44 

+  1.30 

2.82 

—0.91 

0.72 

—0.59 

0.79 

-0.13 

0.58 

+0.32 

0.48 

—0.01 

2.18 

0) 

3.26 

-1.70 

1.90 

—0.45 

1.28 

—1.11 

0.55 

—0.49 

0.95 

—0.79 

0.74 

—0.33 

2.23 

+3.37 

1.90 

+0.92 

1.12 

+0.69 

1.02 

—0.77 

0.79 

—0.42 

0.78 

—0.13 

0.64 

—0.26 

2.79 

+1.39 

1.15 

—0.30 

1.23 

+  0.87 

0.74 

-0.06 

0.24 

+0.64 

0.24 

+0.22 

0.09 

+0.83 

2.61 

+1.85 

1.32 

—0.10 

0.85 

—0.37 

1.51 

—1.40 

1.00 

—0.84 

0.50 

-0.44 

1.38 

—1.17 

2.19 

+2.22 

0.60 

+0.28 

0,81 

+0.13 

0.70 

+0.43 

1.45 

—0.82 

0.62 

+0.05 

0.80 

+0.14 

1.84 

+2.67 

1.80 

+1.25 

0.72 

—0.30 

0.64 

—0.49 

0.89 

—0.80 

0.32 

—0.03 

0.31 

+0.10 

2.34 

+0.49 

1.67 

+0.90 

0.99 

+0.36 

1.52 

—1.27 

1.02 

— 0.0« 

0.58 

—0.65 

0.8) 

—0.64 

4.20 

+0.63 

2.35 

—0.91 

2.03 

—0.83 

0.81 

+0.09 

1.57 

+0.12 

1.11 

+0.29 

1.50 

—0.32 

1.51 

+1.24 

1.72 

+0.19 

1.61 

+0.03 

0.88 

—0.19 

0.72 

—0.44 

0.31 

+0.80 

0.21 

—0.05 

3.73 

+0.06 

2.97 

+0.15 

2.62 

+2.35 

1.35 

—0.49 

1.32 

—0.14 

0.44 

+  1.27 

0.77 

+0.18 

1.52 

-0.86 

1.70 

—0.43 

1.53 

—0.35 

0.92 

+0.30 

0.74 

—0.01 

0.69 

—0.14 

0.74 

+0.34 

1.79 

—0.50 

4.38 

-1.71 

3.98 

-1.91 

1.86 

—0.82 

1.49 

+0.04 

1.86 

—0.99 

1.48 

+2.55 

2.51 

—0.37 

1.70 

+1.01 

2.12 

+1.63 

0.60 

+0.39 

0.64 

+0.55 

0.31 

+0.39 

0.85 

+0.06 

,  2.97 

-0.95 

3.6.'J 

+2.40 

3.30 

—1.60 

1.29 

+2.19 

1.32 

—0.26 

0.4J3 

—0.27 

0.80 

+0.96 

4.08 

+5.74 

3.14 

+0.4H 

3.47 

+1.47 

2.2:j 

—1.58 

2.81 

—2.21 

0.65 

—0.40 

1.02 

+1.09 

5.42 

+2.74 

3.03 

—1.64 

2.74 

+2.98 

2.73 

+0.10 

2.  .37 

—1.89 

1.94 

—0.66 

2.13 

—0.66 

2.67 

+L88 

8.47 

—1.88 

3.55 

—1.64 

4.36 

(') 

2.99 

(•) 

1.3L 

(•) 

1.47 

(•) 

2.24 

—1.07 

8.58 

—1.08 

5.27 

—1.93 

2.08 

—0.50 

2.14 

-1.44 

0.45 

—0.44 

0.39 

—0.15 

3.15 

+0.71 

1.99 

-0.63 

2.52 

—1.91 

5.24 

-4.02 

1.56 

-0.44 

0.70 

—0.56 

0.70 

(') 

>  No  recent 


*Sfcation  dosed  September  15, 1885. 
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Normal  precipitaiian,  and  d^arture  o/1885  therefrotHf  atsiatUnu  ofiM 


Oifltricts  and  stations. 


Sonthem  Plateon : 

Santa  F6,  N.  Mez 

El  Paso,  Tot 

A|>aobe,  Fort.  Aria 

Grant,  Fort,  Ariz 

Fresoott,  Aria 

Thomas,  Fort,  Aria 

Yama,  Aria 

Middle  Plateaa: 

Winnomacca,  Nov 

Salt  Lake  City,  Utah.... 
Iforthem  Plateau: 

Bois6  City.  Idaho 

LewistoiLldaho* 

Dayton,  Wash> 

Spokane  Falla,  Wash 

North  Paclilo  Coast: 

Canby,  Fort,  ^7as1l 

Olympia.  Wash 

Tatoosh  Island,  Wash  . . . 

Portland,  Oreg 

BosebnrfC,  Oreg 

Middle  Paclilo  Coast: 

Gape  Mendocino,  Cal 

IledBlafl;Cal 

Sacramento, Cal 

San  FranciMCo,  Cal 

South  Paciflo  Coast: 

Los  Angeles.  Cal 

SanDieeo,  Cal 

Alaska  Statfons: 

Alexander.  Fort 

Saint  Miohael'a,  Fort 

Sitka 

Unalasbka 

Bebring's  Island,  Behring  Sea 


January. 


February. 


In, 

0.S0 
0.62 
1.18 
0.72 
0.08 
0.41 
0.84 

L13 
L84 

2.81 
2.27 
3.64 
2.75 

G.56 
8.48 
13.90 
0.88 
0.03 

2.03 
5.&5 
8.7.'> 
4.83 

2.06 
1.71 

3.00 

0.01 

ia83 

13.48 

0.71 


s 

1% 


In, 

—0.24 
—0.50 
—0.66 
—0.41 
—0.00 
—0.88 
—0.84 

-0.34 
+0.14 

—0.81 
—0.60 
—1.35 
1.22 


+0.12 
—2.25 
+0.57 
—2.31 
—3.04 

—0.12 
—3.71 
—1.50 
—2.30 

—1.01 
—1.86 

—2.64 
—0.53 
—0.41 
+10.30 
—0.13 


i 


In, 

0.63 
0.45 
1.86 
1.20 
1.35 
1.82 
0.C7 

1.02 
1.80 

1.82 
2.02 
8.99 
2.87 

8.20 
0.48 
9.66 
7.78 
4.82 

2.06 
4.06 
8.41 
3.88 

8.76 
2.42 

0.89 
0.17 
9.82 
7.68 
L62 


In, 

—0.10 
—0.42 
—0.86 
—0.24 
—0.89 
—0.82 
—0.55 

+0.89 
+0.17 


March. 


i 


In. 

0.59 
0.52 
1.84 
1.42 
1.42 
1.44 
0.21 

0.79 
2.06 


+0.47  1.30 
+0.86  1.07 
—0.25  1.66 
— 0.G0  1.02 


+8.00 
—1.81 
+3.62 
—1.06 
+0.46 

—0.69 
—2.87 
—2.92 
-^58 

—3.75 
—2.40 

-4.89 
+0.14 
+0.04 
—3.26 
-1.23 


1.66 
4.90 
2.38 
6.43 
3.49 

1.85 
8.10 
8.84 
8.11 

3.01 
L34 

3.13 
0.46 
10.66 
C77 
0.77 


ApriL 


e 


In. 

+0.92 
—0.18 
+0.21 
—0.02 
+0.05 
—0.69 
—0.21 

—0.58 
+0.58 

—1.27 
—0.54 
—1.61 
—0.30 

—0.51 
—4.40 
—0.04 
—5.80 
—3.21 

— l.bl 
—3.10 
—3.26 
—2.10 

—3.00 
—0.56 

-0.68 
+0.61 
+1.43 
+1.65 
--0.52 


In. 

0.63 
0.21 
0.78] 
0.22 
0.80 
0.26 
0.09 

1.02 
2.53 

1.06 
1.12 
2.58 
1.51 

2.05 
3.76 
1.84 
3.32 

2.78 

2.30 
2.78 
8.40 
2.19 

2.00 
0.87 

1.70 
0.54 
6.88 
0.41 
1.09 


e 

f  r 

I* 


In. 

+0.75 
—0.17 
—0.26 
—0.18 
—0.37 
—a  12 
— 4L03 

—0.02 
+0.94 


L97 
03 
^52 
L24 


—0.08 
—3.37 
—1.47 
—2.20 
— L57 

—1.47 
—2.16 
—2.7:1 
+0.08 

+0.01 
+0.33 

+1.6S 
+0.28 
+7.64 
+&90 
—0.23 


May. 


S 

a 

«•  + 


In. 

0.89 
0.40 
0.65 
0.41 
0.54 
0.34 
0.05 

0.03 
2.17 

1.281 
1.33 
1.1 
1.25 

2.38 
2.61 
4.06 
2.52 
1.01 

0.87 
1.13 
0.1 
0.64 

0.51 
0.42 

2.45 
0.0S 
4.72 
4.64 
0.06 


In.  ' 

+0.4:: 

+0.81; 

— 0.1& 
—0.17; 
— €L2ri| 

— O.OSI 

+O.WI 
+0.325 

+L86 

+1.081 
+0L2ft 

+1.07 
+0.23 
+0.50 
+2.17 
+1.00 

—0.25! 
— Ol4» 

— oie 

—0.66 

—41145 

+0.19 

+0.67 
+0.U 
—LI 

— a.1 


>  Station  clooed  December  31, 1885. 


>  Station  dosed  NoTember  30,  lOBSb 
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Signal  Service,  Uniied  States  Army, /or  each  mouth  of  the  year — Contiuuod. 


June. 


In. 

1.18 
0.47 
1.00 
0.80 
0.16 
0.42 
(«) 

1.00 
0.84 

0.06 
2.38 
1.28 
1.80 

2.74 
1.16 
2.88 
1.79 
1.08 

0.75 
0.41 
0.20 
0.32 

0.10 
0.07 

1.88 
1.36 
3.10 
4.26 
1.66 


In, 

+0.30 
+2.16 
—0.18 
—0.07 
—0.09 
-nO.24 
(") 

+1.41 
+1.83 

+0.12 
+2.63 
+0.92 
+1.60 

+0.60 
—0.37 
—1.11 
—0.02 
+0.45 

+0.57 
+0.96 
—0.18 
—0.18 

—0.10 
—0.01 

+0.33 
+2.15 
—0.74 
—2.23 
—0.03 


Jnly. 


S 

II 

1^ 


In, 

3.22 
3.01 
4.05 
3.84 
2.17 
1.84 
0.18 

0.11 
0.69 

0.20 
0.74 
0.58 
0.02 

0.08 
0.86 
0.05 
0.75 
1.08 


0.26 
0.02 

*) 
LOl 


t 


(*) 
0.02 

4.13 
1,75 
6.22 
2.78 
2.46 


In, 

—2.00 
—1.95 
—1.45 
—2.41 
+0.36 
+1.09 
—0.13 

—0.11 
—0.01 

+0.03 
—0.62 
—0.57 
-0.53 

-^.70 
+0.24 
—0.78 
—0.61 
-1.01 

+0.06 
+0.03 
±0.00 
+0.05 

±0.00 
— O.02 

—0.70 
+1.31 
^1.37 
+1.37 
+1.59 


Angost. 


a 


In. 

2.84 
2.28 
4.74 
8.33 
3.08 
2.41 
0.32 

0.10 
0.85 

0.00 
0.32 
0.35 
0.20 

0.68 
0.75 
2.80 
0.72 
0.43 

0.29 
0.03 

(*) 
0.01 

(*) 
0.20 

4.48 
2.61 
5.68 
3.40 
2.00 


1^ 


In, 

—1.86 
—1.82 
—1.58 
—1.75 
—1.84 
+0.05 
+0.54 

—0.06 
+0.03 

dbO.OO 
-t-0.09 
—0.28 
—0.13 

—0.50 
—0.75 
—2.68 
—0.72 
—0.43 

+0.53 
— O.03 

(*) 
— O.Ol 

±o:oo 

—0.07 

44.61 
+1.95 
—1.68 
—0.06 
+0.06 


September. 


In. 

1.30 
1.22 
1.58 
1.23 
1.14 
0.55 
0.07 

0.35 
0.88 

0.57 
0.63 
0.87 
1.35 

4.20 
3.07 
7.88 
1.87 
0.38 

1.10 
0.70 
0.30 
0.16 

0.01 
0.05 

4.98 
2.00 
10.20 
&64 
2.60 


1+ 


October. 


In. 

+0.67 
—1.00 
—1.14 
—0.42 
—1.03 
-^.63 
—0.07 

—0.27 
+0.41 

-0.18 
+0.03 
—0.28 
-0.47 

—0.86 
+0.62 
+1.72 
+0.61 
—0.02 

+0.49 
+2.21 
—0.22 
—0.05 

+0.04 
—0.05 

—0.82 
+0.40 
—1.96 
—1.00 
+0.82 


In, 

1.03 
1.44 
1.07 
0.93 
0.58 
0.30 
0.04 

0.55 
1.70 

1.51 
1.75 
2.54 
2.26 

6.12 
6.15 
6.95 
4.65 
2.77 

1.68 
1.28 
0.93 
1.20 

0.66 
0.47 

1.99 

1.84 

11.22 

11.98 

2.60 


§ 


»  + 
P 


In. 

+0.04 
—0.98 
-4.29 
—0.90 
—0.20 
—0.29 
—0.04 

—0.48 
—1.11 

—0.93 
—1.04 
—1.81 
— L46 

—1.64 
—2.31 
+0.66 
—2.97 
—1.11 

—0.47 
—1.18 
—0.91 
—0.48 

—0.26 
—0.16 

+ai4 

+0.28 
+2.33 
+5.62 
—1.26 


N^orember. 


1 


In. 

0.02 
0.47 
1.06 
0.62 
0.89 
0.34 
0.18 

0.95 
1.61 


December. 


In. 

+0.00 
—0.16 
+0.50 
+0.68 
+1.77 
+0.04 
+1.53 

+2.83 

+1.49 


0.88  +1.10 
1.52  +0.61 
2. 10     +0. 52 


2.30 

8.70 
7.63 
13.96 
7.17 
8.92 

2.88 
8.85 
2.80 
8.14 

1.47 
0.72 

2.84 
0.79 
12.31 
9.80 
2.96 


+1.95 

+5.02 
+2.55 
+5.20 
+L85 
+4.18 

+4.46 

+13.20 

+0.04 

+8.64 

+4.08 
+0.84 

—2.41 
—0.82 
—2.66 
-0.65 
+1.12 


In, 

0.86 
0.74 
2.15 
1.73 
1.88 
1.51 
0.44 

1.23 
1.43 

2.21 
3.10 
4.98 


2.20    —0.45 


7.45 
9.10 
11.03 
8.15 
6.33 

2.51 
6.19 
4.21 
4.93 

3.67 
2.22 

1.30 

0.07 

11.48 

11.81 

1.62 


In. 

+1.41 
—0.37 
—0.74 
—0.0-2 
—1.66 
—0.80 
—0.43 

—0.23 
—0.61 

—1.14 
—0.80 

(») 


+3.11 
—3.47 
-0.88 
—0.96 
+0.10 

+0.20 
—1.83 
+L52 
+0.06 

—2.02 
— L51 

+0.10 
+0.08 
+0.22 
-8.73 
— &01 


*Ho  record. 


^Inappreciftble. 
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APPENDIX   42. 

I^onihly  and  annual  preoipitationf  from  reports  made  hy  volumary  observers  of  ike  Signal 
Service,  United  States  Army,  for  the  year  ending  December  31,  1885. 


Stations. 


Aocotink,  Yft 

Aiken,  S.C 

Albany,  fOrcfr 

Albion,  Idaho 

Allison,  Kans 

Altoona,  Pa ................ 

Amherst  (Agri.  Sta.)  Mass. 

Amherst,  Mass 

Anna.  III... 

Ann  Arbor,  Mich 

Antrim,  K.H 

Archer,  Fla 

Ashland,  K.H 

Asheville,  N.C 

Aahwood,  Tenn 

Atchison,  Kans 

Athens,  Cxa  ...... .......... 

Anbam,  K.  T 

Austin,  Tenn 

Austin,  Tex 

llainbridgo  Island,  Wash  . . 

Bandon,  Ores 

Belmont,  K.  U. ...... ....... 

IJeloiLWis 

Bethel,  Conn 

Bird's  Nest,  Va •. 

Birmingham,  Ala 

Birmingham,  Mich 

Blooming  Orove,  Pa 

Blue  Hill,  Mass 

Blue  Lake,  Cai 

Boyne,  Mich 

Brattloborongh,  Y t 

Bristol,  N.H 

Brnington,  Va 

Bunker  HUl^Ill 

Burlington,  Vt 

(^ahuenga,  Cal ^ 

Carson  City,  Kov 

Carthago,  Mo 

Cedar  Rapids,  Iowa 

Centreville,  Mo 

Chambersbnrg,  Pa 

Chapel  HiU,N.C 

Charleston,  III 

Charlotte,  Vt 

Chester,  Minn 

Cincinnati,  Ohio 

Clay  Centre,  Kans 

Cleburne,  Tex 

ClevelMid. Ohio 

Clyde,  Ohio 

Cockbnm  Harbor,  K.  S 

College  City,  Csl 

College  Hill,  Ohio 

ColUnsviUe,  III 

Comfort,  Tex 

Conception,  Mo 

Contoocook,  X.  n 

1  No  record. 


a 


Jn. 

4.00 

8.16 

4.20 

0.30 

0.32 

3.02 

3.78 

4.21 

4.64 

2.54 

(») 

a  18 

5.  GO 
4.20 
5.00 
1.27 
7.88 
6.78 
5.87 
5.87 
1.01 
6.82 
5.06 
1.00 
5.09 
5.20 
(•) 

(') 
1.50 

<•) 
8.70 

(») 
(') 
5.70 

(•) 

a.  00 

2.36 
0.84 
0.40 

(') 

4.13 

2.15 

(•) 

3.62 

5.24 

<•) 
4.30 

0) 
4.26 

1.11 
4.48 
8.17 

(») 

0.40 

1.60 

6.81 

8.061 

0) 
0.52 

5.30 


B 


In. 

3.70 

3.07 

5.82 

2.00 

1.14 

1.50 

3.88 

3.38 

1.22 

1.40 

0) 
6.00 
2.01 

(•) 
2.40 
0.01 
4.86 
8.56 
2.06 

(') 
5.40 
12.42 
4.00 
1.21 
8.61 
3.40 

(»> 

(') 

0) 

1.18 

&80 

<;> 

3.54 

(') 

0.87 

1.40 

0.00 

0.18 

(») 

3.13 

3.26 

0) 
3.47 
2.73 
0.06 
2.70 

(•) 

2.45 

1.10 

1.01 

1.46 

0) 

0.81 

0.47 

1.80 

0.76 

0.12 

(») 
3.80 


.a 

es 


In. 

1.22 

2.4« 

0.81 

0.10 

0.68 

0.44 

0.80 

1.25 

1.43 

1.28 

(») 

8.75 

1.87 

(') 

2.70 

0.25 

3.37 

L33 

1.50 

2.22 

0.77 

(») 

L42 

0.21 

1.32 

3.00 

(') 

0.80 

0.05 

0.78 

1.45 

2.32 

(•) 

1.74 

2.10 

0.42 

0.86 

0.12 

0.31 

1.45 

1.04 

0.61 

0) 

0.01 

3.50 

0.12 

0.50 

0.85 

0.70 

0.38 

2.82 

1.20 

(') 
0.67 

0.56 

0.20 

0.45 

1.28 

0.10 

0.82 


B 

Pk 

^ 


In. 

1.61 

2.10 

1.38 

0.30 

2.22 

1.83 

3.38 

3.40 

2.60 

3.47 

3.30 

0.27 

2.25 

1.10 

3.60 

5.30 

1.07 

2.01 

2.55 

4.71 

0.25 

0.07 

2.00 

3.76 

2.71 

2.05 

(») 

2.01 

2.22 

2.01 

8.80 

2.67 

8.13 

2.16 

2.25 

4.27 

2.53 

2.10 

3.41 

7.38 

2.43 

7.82 

0) 

2.  35 

2.71 

4.74 

2.50 

1.88 

3.32 

5.00 

6.41 

2.60 

(') 

0.25 

0.76 

4.50 

4.32 

8.34 

4.03 

3.05 


In, 

2.34 

a  03 

3.03 

2.34 

1.60 

1.51 

a  08 

2.25 

2.24 

a  72 

2.00 


a 
p 


In. 
2.35 

(') 

1.05 

1.02 

2.01 

1.54 

a  40 

a  10 
a  80 

8.04 

a  20 


a  63  11. 45 
I.8OI  4.56 


a  00 

2.021 

a  00 

4.10 

a  10 

5.20 

7.22 

4.40 

2.46 

a  10 

4.78 

2.03 

(•) 

0.63 

a  35 

0.85 

2.10 

1.78 

1.03 

a  40 

1.54 

5.37 

1.65 

1.70 

7.85 

1.50 

a  48 

0) 

a  52 

a  63 

2.00 

1.60 

4.10 

2.63 

1.34 

L57 

4.03 

1.10 

2.02 

a  46 

2.15 

a  01 

4.42 

a  80 

1.08 

8.22 

2.48 

2.52 

0.10 

0.00 

0.07 

0.46 

4.40 

5.36 

2.06 

2.22 

5.02 

a  46 

(') 

10.73 

1.20 

2.20 

4.34 

(') 

a  10 

4.98 

2.80 

5.20 

1.70 

4.37 

2.00 

a  52 

4.74 

a  84 

0.02 

5.83 

5.36 

7.20 

2.55 

4.06 

0.80 

a  61 

(') 

a  23 

2.25 

4.10 

2.56 

7.42 

a  14 

a  05 

1.00 

a  25 

2.05 

2.50 

s 


In. 

1.78 

(») 

0) 

(•) 

4.01 

2.00 

2.07 

1.80 

2.10 

a  05 

2.40 

5.01 

5.63 

(•) 

a  60 
a  77 

5.28 
4.64 
4.51 
1.68 

ass 
0) 

1.54 

a  00 

4.44 
4.45 

(») 
4.40 
2.30 
L50 
a  00 
a  61 
2.40 

a  70 
a43 
a20 
a  80 
a  00 
0.00 

4.3L 

a  26 

6.35 
5.53 
0.78 
3. 05 
a83 
6.00 

(•) 

(•) 

6.06 

1.32 

4.18 

a48 

0.07 

0.00 

2.60 

2.37 

5.20 

1.75 

(') 


« 

B 

9 


^ 


In. 

a  56 

a  00 
0) 

2.05 
6.67 
a  31 
7.62 
4.13 
0) 

aoo 

ia23 

a  61 

(') 
aeo 

4.05 
7.05 

a  33 

(») 
1.66 

a  01 
0.02 
a  03 
a23 
aso 

7.05 

(') 
(•) 
a  20 

a  28 
aoo 

0) 
a  34 
a58 
a  14 
a  06 

3.41 

(•) 
0.10 

4.30 
7.36 

(') 

(') 

a  64 

(•) 

a  47 

5.00 

(') 
(') 

1.45 
0.51 
4.00 
a  22 
(') 

C) 

4.10 

2.93 

a  27 

1.85 

a85 


In. 

1.48 

0) 
2.13 

(») 
1.06 
a  82 
0.85 
a  67 
4.54 

(•) 

a4u 

11.62 
1.63 

0) 
4.71 
4.60 
a65 
a  48 

(») 

(•) 
4.27 
2.32 
a  07 
4.56 
a  70 

aoo 

(•) 

2.11 
1.06 
1.88 
0.93 
1.56 
1.36 
1.84 
1.14 
5.73 
3.50 
0.00 
0.06 

0) 
0.07 
2.84 
a  26 
a  03 

(») 
4.49 
a  70 

0) 
3.06 

(') 
2.51 

1.97 

1.37 

0) 

0.05 

3.25 

6.78 

3.62 

a  47 

2.65 


■§ 

O 


Pi 

O 

B 

o 

525 


In. 

a  97 

(») 

1.76 
0) 

a  31 

3.CL 

a  65 

4.12 

a  43 

(») 

3.00 
4.77 
a84 

a30i 
a  23 
a  75 

4.89 

a  95 
a  21 

2.82 
4.40 
a  45 
'2.39 

(') 
4.75 

a35 

(0 
1.61 

7.70 

a  02 


a 


Jn 
2.88 

1.03 

a  40. 
0) 

0.62 
1.02 
&&4 
6.65 
1.80 

(») 
6.50 
1.41 
5.71 
4.80 
a  10 
1.07 
3.71 
2.38 
a73 
1.17 

ao4 
ia2i 

4.70! 

(») 

a  50 
aso 

(•) 
a66 
a  20 
4.35 


Ja.  I  In. 
1.96  3^S5 

2.78 

7.04' 

0) 


2a» 

26.67 
43.43 
41.44 

3&n 


76. 7i 
47  51 


^1 


1.65  31.99ia70 


a  121 
1.73! 
3.54: 

Z.M 
2.93 

(»)  I 
4.35 
5.61 
5.15" 

<«)  • 

3.77  42.71 

1. 10  34. 

2.88;  6!. 

a78»  42.4^ 

ass! 

aeo' 

las 

4.461 

(«) 

a9o 

3.15 

a  40 

2.62 

a  10 

2.20 


(') 

4.74 

a  &*>; 

4.55| 
4.89! 
4.77 
a  06 

a  12 

1.90 
&65 

a  50 

1.71 
4.64 

(») 
."{.24 
7.20 

(') 

a  05 

(') 
a  47 
a85 
2.68 
(•) 

0.06 
4.00 
5.52 
a  73 
4.83 
4.13 


2.33 
a64 
6.52 

a.m 

1.35 

a  01 

7.4.'> 
4.73 
0.84 
4.65 
0.65 
2.72 
1.51 

(') 
2.61 
5.20 

(«) 
2-57 

(•) 

1.38 

5.25 

(») 
1.07 

a85 
a  75 
a54 
a  44 

0.60 

a  40 


(') 
a  7^ 
a44 

4.09t 

a42i 


39.  €0 


41.14 

4&MI 


Tail 


45.21 


3a49 


ao7  aaw 


ia4i 

751  11.59 

64] 

3as5 


1.651 

1 

1 

ass 

1.48 

ass 

1.05 

0) 

3.34 

aso 

(') 

a  15 

(») 

1.56 
1.59 
&04 

aso 
a55 

LOO 


2a» 


4a  3B 


37.32 
4a  82 


17,07 
37. 4« 


1.55  4aas 

1.04 

1.3W 

asol 
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Monthly  and  annual  pricipilaiionf  from  wjtorls  made  by  voluntary  obaervera  •/  the  Signal 

AServicCy  United  Staku  Army,  «fc.— Continued. 


SUtionB. 


X^eicester  Haas 

Lenoir,  S.€ 

LeBoy.N.Y 

Liberty  Hill.  La 

Limoiia,Flai 

Lincolnton,  N.  O 

Lofsan,  Iowa 

Loffansport,  lod 

Lnlinj;,  La 

Lanenbnrg,  Vt 

Madison,  Kobr 

Madison,  Wis 

Malianoy  Plane,  Pa. . . 

Manatee,  Fla 

Mnncbester, Iowa  ... 

Manbatton,  Kanii 

Mttnlstiqno, Midi    ... 

Manitowoc.  Wis 

Marietta.  Cal 

Marion,  Va    

Marquettf,  Nobr 

Muttoon.lll '..... 

Mand,  Kiins 

Manr.y,  Ind 

Mayport,  Fla 

Maeatlau.  Mf>x 

Mc  Don»;!li,  Md 
Minond  Station,  N.  Y 
Mcrritt'n  Islsuid,  Fla  . 

Milan.  Tonii 

&[i)li'd<r(>.villi*,  Oa 

Stilton.  MtiKM    

Miiinonpolii*.  Miun 

Mont iccllo,  Iowa 

Mooix'Htown,  Mich 

Mooi'OHtown,  K.J 

Mollvillc,  M  ich  '. 

Mmintainvilli*,  N.  Y^    

Mount  ForoHt,  Uauuda 

Mount  Ida,  Ark 

Muscatine,  Iowa 

Nuyntt  Point,  It.  1 

NclllBviUo,  Wis 

Nfphi.  Utuh.        

Now  lJi*<l fnrd.  Mass 

Newport,  Vt     

NowUlin.  IVx 

North  (Jolobrook.  Conn 

NorMi Held.  Minn  

North  l^ewiKluir;;, Ohio 

Northport,  Mifli 

Nort h  Volucy,  N.  Y 

Oakland,  Cnl 

Oropo,  M«i 

Orovillo,  Cal 

Oskalnoso,  Iowa 

Ottumwa.  Iowa 

Pncolet,  S.  C 

Palermo.  N.Y 

Paramaribo  (Dutch  Guiana;, 

S.  A 

PaterHon,  N.  J ^ 

Poun  Yan,  N.  Y 

Pi'oria,in  

PhlUiirnhnri:,  N.  J 

Pierco  Citv,  Mo     

PlonHant  (rrovo,  Wash 

Point  Pleasant,  La 

Poi-tsmoutli,  Obio 

X owayi  C/Si ..••••.•••••....••» 

Pi-airio  du  Chieu,  Wis 

rrineoton,  Cal 

Princeton,  Mass 

Princeton,  N.J 

Pi-ovidonco,  R.I , 

*  No  record. 


In. 
4.00 
4.00 
2.53 

(') 
3.80 
2. 58 

(') 
2. 01 
7.83 
0.70 

3.  no 

2.44 

(«) 

4.34 

1.37 

(') 
2.05 
LOS 

(•) 

4.20 

2.30 

2.47 

0.28 

3.C9 

5.86 

3.50 

2.06 

3.80 

(•) 

7.50 

H.37 

5. 8.3 

0.30 

1.75 

2. 4  J 

3.4:] 

5.06 

4.39 

2.G1 

0) 

2.38 

5.55 

0.62 

0.52 

3.70 

4.30 

(') 

3.08 

0,57 

4.60 

1.05 

3.15 

1.02 

4.73 

(') 

(') 
L33 

(') 
3.4t 

7.27 
3.47 
2.14 

2.  an 

3.74 
1.20 
0.00 
4.30 
6.41 
0.72 
1.01 
l.GG 
8.75 

(•) 
5. 26 


In. 
3.38 
8.30 
1.40 

(') 
4.45 

4.68 

1.10 

4.10 

2.04 

2. 3:» 

1.15 

0.82 

(') 
6.13 
0.54 
0.  50 
2.10 
0.71 

(') 

2.36 

0. 58 

0.  6'. 

0.38 

LOO 

4.48 

0.04 

3.02 

2.  04 

(•) 
2. 57 
3. 30 
2.46 
0.33 
0.72 
1.54 
4. 23 
3.01 
3.66 

(•) 

4.10 

2.21 

5.10 

0.12 
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8.34 
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0.06 
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2.26 

3.80 

5.08 

5.84 

3.93 
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9.80 

5.23 

2.80 

3.88 

0.88 

(•) 

L04 

7.51 

4.47 

2.15 
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AloHthlif  and  annual  i}rcc'qn  tat  ion  y  fro  n  reports  made  by  voUinlary  olmrvvra  of  Ihc  iSiynal 

Service,  United  States  Armi/y  ij'o.— CoiitiiiQotl. 


Stationa. 


Paoblo,  Colo 

Pnerto  de  Lnna,  N.  Mex 

Qnakertown.  Pa 

Kaleieh,  N.C 

Roodiiigtoii,  X.  J 

Beceiving  KiMervoir,  D.  C 

Kichardton,  Dak 

Kichmond,  Ky 

Rlley.lll 

Roekft>rd,Ill 

Round  OroYo,  Iowa 

•Kowo,  JiiaaB  ................... 

Kuggtoa,  Ohio 

Sacramento,  Cal 

Salem,  N.J 

Salina,  Kans 

Sallnaa  City,  Cal 

Salt  Cay,  B.  W.  I 

Sandwich.  Ill 

San  Rafael,  Cal 

Sherlock,  Kana 

SnowvUle,  Ya 

Somerset,  Mass 

Somerville,  N.J 

Sonth  Bethlehem.  Pa 

Sontb  Evauaton,  111 

Sonthinfj^n,  Conn 

South  Orange,  N.  J 

Spiceland,  Ind 

Springfield,  Mo 

Statebarg,  S.  C 

StateaTiUe,  N.  C 

Sterling,  Kans 

Stookham,  Kobr 

Strafford,  Vt 

Snnmnn.  Ind 

Suasox.  Wis 

Swan  wick,  111 

Swartz  Creek,  Mich 

Sycamore,  111 

Tacoma,  Wash 

Tallahassee^  Fla 

Tannton,  Mass 

Tecnmseh,  Nebr 

Torre  Haute,  Ind 

Thomville,  Mich 

Tiffin,  Ohio  .; 

Topeka,  Kans 

Traverse  City,  Mich 

Tucson,  Aria 

Variety  Mills,  Va 

Vermillion,  Dak 

Vevay,Ind 

Vinoland,  K.J 

Voluntown,  Conn 

Wabash,  Ind 

Washington  City 

Washington,  Pa 

WatervlUe.  Mo 

Waosan,Wis 

Wanaeon,  Ohio 

Webster.  Dak 

Weir's  Bridge,  N.  H 

Weldon.N.C 

Wellington,  F.ans 

Wellsborough,  Pa 

Wollsburg,  W.  Va 

Westborough,  Mass 

Westchester,  Pa 

Wesfcervllle,  Chip 

West  Leavenworth,  Kans 

Westmoreland.  Kans 

West  Union,  Iowa 

White  Plains,  N.  Y 

'No  record. 
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0.50 
4.03 
2.60 
1.89 
0.95 
4.94 
1.20 
1.01 
2.85 
0.35 
2.02 
3.48 
3.40 

(») 

2.48 

(') 

(») 

2.48 

2.57 

0.63 

4.74 

3.30 

1.57 

5.80 

(•) 
3.07 
4.18 
1.38 
0.40 
1.12 
1.82 
4.50 


In. 
ia70 


44.43 


35.78 
45.14 


27.40 
10.71 

31.72 


35.73 
37.73 


35.62 
33.27 

30.09 
46.01 
36.75 


43.10 
40.82 


48.50 
33.74 


40.47 
?0.06 

37*24 
3&48 


3a  84 

26.77 

5.28 


10.10 
37.11 
35.55 
41.21 


22.72 
36.00 
38.81 
41.77 
41.23 
36.28 
63.30' 


43.37 
30.67 


32.02 
53.23 


*  Inappreciable. 
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AlonllUy  and  annual  prccipUaiioHf  from  reports  nuule  by  volanlary  obaercers  of  the  Si$»al 

ServicOf  United  States  Army,  <fc. — Coutinaoil. 


Stationa. 


Wilkesbarre.  Pa 

WilUamntown,  Mass 
Wilton  Centre.  HI... 
WolfboTOugli,  N.  n. . 

Woodstock,  Md 

Woo<l8tock,N.H.... 

Woodatock,Vt 

Worcester,  Mass .... 
Wyandotte,  Kans . . . 

Wyaox,  Pa 

WytheTille,  Va 

Tates  Centre,  Kans . . 
Yellow  SDringa,  Ohio 
Yutan,  Nebr 


• 

b 

a 

P 

§ 

In. 

1 

4 

• 

t 

In. 

• 

1 

i 

In. 

In, 

In. 

In, 

5.18 

3.27 

0.90 

2.5Q 

2.66 

2.51 

6.63 

3.5C 

0.96 

3.18 

2.00 

1.38 

3.62 

2.76 

0.63 

3.37 

1.61 

1.45 

4.58 

5.6;) 

1.63 

2.61 

2.09 

4.48 

3.62 

3.81 

0.79 

1.31 

2.54 

2.73 

5.32 

3.20 

2.35 

1.88 

1.68 

5.43 

4.42 

2.85 

1.55 

1.08 

2.04 

228 

6.01 

3.49 

0.90 

2.83 

3.26 

3.49 

1.31 

0.83 

0.48 

&00 

2.70 

7.03 

(•) 

(') 

(•) 

0.46 

2.10 

2.80 

3.a3 

1.04 

L49 

2.1ffi 

7.04 

1.40 

L80 

0.55 

1.16 

5.33 

4.68 

8.06 

(') 

(») 

0.58 

3.92^ 

4.20 

8.05 

C40 

U.57 

0.17 

3.4a 

5.66 

2.32 

I 


In. 
3.01 
2.87 
4.70 
5.23 
a,  Uo 
5.07 
3.29 
2.10 
4.77 
8.27 
1.82 
11.68 
3.16 
2.90 


In, 
7.92 
6.66 
7.79 
7.68 
&43 
12.92 
a48 
&52 
7.86 
5.15 
8.70 
2.28 
0.47 
(•) 


§ 

Ck 


In. 

1.20 

1.05 

3.34 

0.00 

1.52 

2.60 

2.85 

0.87 

0.83 

1.12 

LOO 

0.99 

2.70 

(') 


•; 

1 

1 

s 

^ 

^ 

8 

1 

In. 

In. 

4.65 

&.16 

3.12 

3.97 

:') 

(«) 

3.23 

6.49 

10.23 

4.03 

4.25 

&05 

4.70 

4.63 

4.81 

6.00 

4.12 

1.52 

0.03 

2.00 

4.09 

2.56 

8.00 

0.84 

2L02 

2.38 

2.80 

L02 

I 


In. 

2.08 

3.43 

<•) 
4.83 
3.02 
5l06 

(») 
3.00 
0.80 
1.91 
3.  OS 
1.6C 
1.S9. 
1.48. 


9 

i 


In. 
41.69 
8a41 


49.47 
44.91 

54.80 


42:33 

44.25 


34.84 
42.45 


>Vo 
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llamlltoD,  Fort.  N.  Y 

Kvoch,  Fort,  Uont 

KlomBt)).  Port,  Ong 

Lowla,  Fort,  Colo 

Lyon,  Fort,  Coin 

Maill«onB«nMk«,N.  T 

MiMiD,  Fort.  Cal 

MoDonnll.  Fort  Nov 

MoDowell,  Fort,  Arli 

MoHcnry,  Furt.  Ud 

Meule,  Fort,D>k 

Mojaire,  Fort,  Aril 

Monroe.  Fort,  V». 

UoDntTernonBarTMkl,  AI>. 

Ni«BKr»,  Fori,  M.  T 

Pomblna.  Fort,  DBk 

PlnttsbiireBarrMka,  N.  Y  ... 

!*reljle.  Fort.  Mn 

l>raiiidloorSaii  FrnKiaco,  Cal. 
KanOall.  Fort,  Dak 
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BBPOBT  OF  THE  CHIEF   SIGNAL  OFFIC£IL 


APPENDIX  48. 

Mean  reUUive  \mniditjf  at  atatUms  of  the  Signal  Servieef  United  States  Army,  for  eaek 

nonih  and  the  year, 

[Computed  flrom  tbe  oommencemeDt  of  olMenrations  to  Deoembor,  1885,  ineliuive.  OlMervatioDa  pricv 
to  Aoffast  26, 1873,  were  taken  at  7.85  a.  m.,  4.85,  and  11.35  p.  ni.,  Washlneton  time ;  ftt>m  August 
25,  18^,  to  2^ovember  1, 1870,  at  7.85  a.  m.,  4.35,  and  11  p.  in.,  Washington ~time;  from  Kovember  1, 
1870,  to  December  81, 1884,  at  7  a.  m.,  8,  and  11  p.  m.,  Washington  time ;  and  from  January  1  to  De- 
cember 81, 1885,  at  7  a.  m.,  3,  and  11  p.  m.,  75th  meridian  time,  j 


DIstricta  and  atationa. 


New  England . 

Baatport,  Me 

Portland,  Me 

Monnt  Washington,  N.  H. 

Boston,  Mass 

Block  Island,  It.  I 

New  HaYon,  Conn 

New  London,  Conn 

Middle  Atlantic  States : 

Albanv,N.Y 

NewYorkCitY 

Philadelphia,  Pa 

Atlantic  City,  N.J 

Bamegat  City,  N.  J.> 

Cape  May,  NT  J. ' 

SandyHook.N.  J 

Baltimore,  Md 

Washington  City 

Cape  Henry,  Ya 

ChincoteagnA.  Va 

Lynchbarg,  Va , 

Norfolk,  Ya 

South  Atlantic  States : 

Charlotte,  N.C..., 

Hatteras,N.C 

Kitty  Hawk,  N.  C 

Macon,  Fort  N.  C 

SmithTille,N.C 

Wihnington,N.C 

Charleston.  S.  C 

Augustai.Oa. , 

Savannah,  Qa 

Jacksonville,  Fla 

Florida  Penhiania  x 

Cedar  Keys,  Fla 

Key  West,  Fla 

8anford,Fla 

Eastern  Onlf  Stotes : 

Atlanta,  Oa 

Penaaoola,  Fla 

Mobile,  Ala 

Montgomery.  Ala 

YicksDui^,Miss. 

New  Orleans,  La 

Western  Onlf  States : 

Shreveport,  La 

Fort  Smith,  Ark 

Little  Book,  Ark 

Oalveston,  Tex 

Indianola,  Tex 

Palestine,  Tex 

San  Antonio,  Tox 

Bio  Orando  Yalley : 

Brownaville,  "tex 

Bio  Orande  City,  Tex 


P.eL 

77 
72 
85 
72 
7tf 
74 
74 

75 
74 
74 
80 
81 
78 
77 
70 
74 
77 
82 
68 
75 

73 
85 
80 
83 
81 
72 
76 
73 
72 
75 

81 
80 
78 

72 
77 
78 
74 
71 
72 

74 
75 
75 
70 

82 
60 
72 

« 

70 
72 


P.  el. 

76 

70 
84 
70 
78 
74 
72 

74 
73 
70 
78 
70 
77 
76 


P.et. 

75 
6h 
86 
70 
75 
70 
72 

71 
08 
67 
78 
76 
76 
74 


74 
80 
08 
71 

67 
81 
70 
81 
77 
60 
72 
68 
60 
71 

76 
77 
74 

64 
76 
74 
67 
66 
60 

70 
72 
73 
78 
78 
08 
68 

70 
06 


V 


67  ^  65 
60  /  66 


73 
76 
57 
67 

63 
78 
76 
77 
76 
68 
70 
65 
68 
67 

73 
71 
72 

60 
74 
73 
65 
64 
70 

66 
64 
66 
70 
80 
65 
67 

80 
71 


P.eL 

72 
64 
87 
66 
76 
65 
68 

63 
65 
64 
77 
75 
75 
72 
60 
62 
71 
77 
58 
08 

62 
80 
76 
81 
78 
68 
71 
65 
66 
68 

74 
70 
71 

61 
77 
73 
65 
66 
70 

67 

68 
68 
76 
77 
72 
75 

76 
67 


>» 

i 


P.et. 

74 
65 
84 
ft') 
83 
67 
70 

63 
66 
65 
80 
77 
77 
72 
61 
64 
73 
82 
01 
60 

62 
82 
70 
81 
77 
71 
72 
65 
60 


71 
71 
73 

63 

74 
71 
65 
68 
70 

70 
72 
75 
74 
78 
76 
70 

77 


i 


P.eL 

76 
68 
83 
68 
83 
70 
74 

60 
60 
68 
82 
78 
80 
73 
64 
67 
74 
81 
67 
70 

64 

70 
84 
77 
74 
74 
00 
72 
72 

75 
71 
81 

07 
77 
74 
60 
70 
72 

70 
76 
76 
73 
76 
77 


74 
67 


§ 

^ 


P.eL 

70 
71 
87 
70 
82 
72 
70 

67 
71 
«8 
82 
80 
H) 
74 
64 
67 
75 
82 
66 
71 

65 
81 
70 
9» 
78 
75 
75 
00 
72 
72 

74 
70 
77 

177 

78 
76 
70 
72 
73 

72 
76 
75 
73 
76 
74 
64 

73 
00 


ts 


P.eL 

70 
73 
86 
73 
82 
75 
78 

68 
72 
72 
82 
80 
81 
75 
08 
72 


83 
71 
76 

CO 

82 
81 
84 
80 
70 
77 
73 
76 
75 

76 
72 
80 

73 
70 
78 
72 
72 
74 

70 
74 
76 
73 
76 
72 
67 

75 
67 


1 


P,eL 

80 
74 
85 
78 
82 
75 
77 

72 
72 
71 
81 
80 
77 
76 
70 
78 


78  I  76 


81 
70 
76 

70 
81 
80 
84 
80 
77 
77 
78 
78 
78 

77 
76 
83 

71 
78 
75 
70 
72 
78 

71 
72 
77 
74 
78 
72 
70 

7rt 


P.et. 

77 
72 
88 
70 
70 
78 
76 

72 
70 
70 
70 
78 
75 
78 
60 
72 
78 
80 
68 
75 

70 
81 
78 
88 

7ir 
75 
77 

72 
76 
75 

77 
76 
80 

71 
75 
75 
60 
72 

71 

•• 

78 
76 

77 
74 
76 
74 


78 
72 


P.eL 

76 
72 
87 
71 
78 
72 
72 

74 
70 
68 
78 
78 
78 
73 
60 
71 
71 
78 
66 
73 


70 
76 
81 
72 
72 
74 
72 
72 

70 
78 
81 

66 
74 
76 
71 
70 
72 

72 
68 
73 
77 
78 
60 
68 

78 
66 


P.  St 

77 
74 
84 
72 
70 
74 
73 

76 
78 
78 
80 
80 
76 
75 
68 
72 
78 
70 
67 
72 

70 
81 
77 
81 
78 
72 
74 
78 
71 
74 

82 
70 
78 


77 
78 
73 
70 
73 

72 
71 
72 
80 
81 
00 
70 


I 


80 
0( 


P.et 

76 
70 
86 
70 
70 
72 
73 

70 
TO 
60 
80 
70 
77 
74 


74 
80 
66 

72 

67 
81 
70 
82 
78 
72 
74 
70 
72 
73 

76 
74 
77 

67 
76 
75 
60 
70 
72 

71 
7t 
74 
TO 
78 
71 
68 

78 


>  Station  dosed  December  31, 1885. 


«StaUon  closed  October  31, 188Sw 
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*  DbeoDtlnned  Hamnber  1.  ises. 
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APPENDIX  45. 

Predpitation  at  the  cottan-ntgion  atat%on$  of  the  Signal  Service^  United  States  Army ,  for 

the  monthe  May  to  October,  I8B5,  both  indueive. 


DiBtricts  and  statioDA. 


WUmincton,  K.  C. ; 

CharlotUsS.C 

Cheraw,  S.  C 

Florence,  S.  C 

GoldsboTOQgh,  N.  C  . . 

Lamberton,  K.  C 

New-Berne,  K.  C 

Raleigh,  N.O 

Saliabary,  K.  G 

VVadesborongli,  N .  C . . 

Weldon,N.O 

Wilmington,  K.  C  .... 
Charleston,  S.C.: 

BranchTille,  S.  C 

Charleston,  S.  C 

HardeevlUo,  S.  C 

Jacksonboroueh,  S.  C. 

Kingstroe,  S.  C 

Saint  George's,  S.  C  .. 

8aint  Matthew's,  S.  C 

Yemassee,  B.  C 

Angosta,  Ga. : 

Allendale,  S.  C 

Athens,  Ga 

Angnsta,  Ga 

Baleebnrg,  S.  C 

Blaokyille,  B.  C 

Camak,  Ga 

Chester,  S.G 

Columbia,  a  C 

Greenwood,  S.  C 

Union  Point,  Ga 

Washington,  Ga 

WaynesDorongh,  Ga .. 
Savannah,  Ga. : 

Albanir,  Ga 

AllapaIia,G% 

Bainoridge,  Ga 

Cedar  Keys,  Fla 

Eastman,  Ga 

Femandina,  Fla 

Fort  Gaines,  Ga 

Jessnp,  Ga 

Live  Oak,  Fhk 

Millen,Ga 

Qnitman.  Ga 

Savannah,  Ga 

SmithviUe,Ga 

ThomasviUe,  Ga 

Waldo,  Fla 

Way  Cross,  Ga 

Atlantik  Ga. : 

Anderson,  8.  C 

Atlanta,  Ga , 

Cartersville,  Ga 

Colnmbns,  Ga 

Daltou,  Ga 

Gainesville,  Ga , 

Greenville,  S.  C 

Griffin.  Ga ;. 


>* 

d 


I 


Jnehet. 
6.53 
6.48 
4.71 
&87 
<L46 
10.86 
7.00 
6.35 
3.07 
fiL59 
8.58 

1.03 
2.20 
4.73 
S.08 
5.86 
8.73 
4.51 
5.67 

6.77 
6.05 
5.87 
4.50 
2.64 
6L04 
L71 
a  21 
4.00 
8.65 
a43 
4.79 

5.07 
4.00 
0.44 
a  48 
0.19 
6.21 
8.21 
&48 
6.58 
3.12 
4.69 
8.08 
4.64 
8.08 
a  30 
a  15 

2.85 
a  21 

ao8 
a  01 

7.25 
4.04 
4.16 
a88 


a  48 
4.98 
&64 
a  31 
7.67 
a  17 
a  99 

aoo 

1.73 
1.85 

a  20 

a  47 
ao6 
iao5 
a  95 
a  64 

4.85 

a57 
a2o 

4.12 
4.01 

2.80 

a20 

7.20 

a22 

2.46 

aoo 

4.18 
2.47 
4.33 
a49 

a  32 

1.74 

a  31 
ia96 
a  15 
a97 
a2i 
aoo 
a97 
4.86 
1.66 
a  10 

2.38 

a  15 
1.39 
4.35 

a  74 

4.83 

a  61 
a83 
a  16 

2.81 
4.37 

aoo 


IncheM. 

a  31 

4.98 
a  09 

a25 

7.34 

a  53 

2.02 
a  35 
2.61 

a  21 

4.04 

aoo 

7.49 
7.83 
a  68 

a  74 

4.47 
a83 

a  74 

a  40 
a  01 
a  57 
a  45 

4.46 

a63 
a  23 
a  04 
a36 
a  30 
LI8 

L83 

aoo 
a38 
a  73 

0.17 

a  42 

7.62 

a88 

7.41 

a  61 
a  56 
a  87 

7.80 
4.04 
4.60 
1.23 
7.55 

a  45 
4.02 
a  42 
3.66 
1.58 

ao6 

a  75 

a68 


OB 

& 

0 


Inche9. 

a  18 
a69 
7.22 

4.67 

a  02 
a94 
a  77 
a  26 

1.82 
1.35 
4.73 

7.24 

iai8 

17.01 

ia7i 

laio 

a33 

a  75 

14.72 

4.68 
7.61 

a&o 

a23 

a85 
a  48 
a84 
a86 
a  13 

4.29 
3.54 

a83 
a  61 

7.90 

a  05 

iao9 

a80 

7.47 

a  41 

11.68 

a  71 
a87 
ao4 

14.95 
4.99 

a  19 
a  15 
a89 

4.48 

a92 
a62 
a64 
a  70 
ao5 

6.39 

-asi 


9 

a 


2 


a  45 

1.00 

a37 

2.70 

a69 
aoo 
a  42 
a54 

1.03 
2.25 

aoo 

a36 
a32 
aso 
a63 

(•) 

a58 

2.15 
7-37 

a  24 
ao6 
aT2 

4.28 

a  93 

7.35 
2.55 

a  47 
a60 
a43 
a27 
a63 

ass 
ass 

2.45 

a  76 

7.96 

iai6 
a  12 

12.53 
11.18 

aos 

4.10 

11.96 

X61 

a69 

4. 62 

iai3 

a  12 

aso 

4.37 

a25 

a  74 
a73 

8.97 
11.64 


3 
o 


Inehet. 

a64 

a2d 

4.39 

a20 

4.04 

a  41 

4.00 

a  49 

a2i 

(») 

a73 

a  18 
aoo 
a  10 

4.29 

<•) 

aT9 

4.56 

aeo 

3.83 

a  07 

4.18 

a  14 

aoo 
a  27 
aso 

4.U-i 

a59 

6.92 
4.90 
4.15 

a  45 
a  75 
an 

4.38 
4.45 

a28 
asa 
iao2 
ass 
a39 
ao7 

7.69 

ass 
aoo 
a  14 
aoo 

as 
afis 

4.03 

a  62 

8.96 
4.58 

a  78 

-   4.88 


*  No  record. 
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Predpiiaiion  at  the  cotton-region  stations  of  the  Signal  Service,  ^*e. — CoDtinned. 


Districts  and  Btatioos. 


Atlanta,  Oa.— Continued : 

Macon,  Ga 

Newnan,  Ga 

Spartanburg,  8.  C 

Toccoa,  Ga 

West  Point,  Ga , 

Montgomery,  Ala. : 

Birmingham,  Ala 

Calorsu  Ala 

Eufaula,  Ala 

Fort  Deposit,  Ala 

Irreenvillo.  Ala 

Marion,  Ala 

Montj^omery,  Ala. .'.  ■ . 

OpoLKa,  Ala 

Pme  Apple,  Ala 

8elma.  Ala 

Mobile.  Ala.: 

Aberdeen,  Miss    

Columbos,  Miss 

Evergreen,  Ala 

Livinsston,  Ala 

Alacon,  Mi88 

Meridian,  Miss 

Mobile,  Ala 

Okolona,  Miss 

Wayuosborough,  Mies 
New  Orleans.  La. : 

Alexandria,  La 

AmitoCity,  La 

Brookhaven,  Miss 

Cheney  villo.  La 

Coashatta  Chate,  La  . . 

Ilazlohurst.  Miss 

Larayette.  La 

Minden,  La 

Natchez,  Miss 

Natchitoches,  La 

New  Orleans,  La 

Opelonsss,  La 

Port  Gibson,  Miss.... 

Shrevepo^,  La 

Galveston,  TeS.: 

Austin,  Tox 

Bolton,  Tex 

Brenham,  Tex 

Columbia,  Tex 

Corsioana,  Tex 

Cuero,  Tox 

Dallas,  Tex 

Galveston,  Tox 

Jleame,  Tex 

Houston,  Tex 

lluntsviUe,  Tex 

Ix>ngview,  Tex 

Luling,  Tex 

Orange,  Tex 

Palestine,  Tex 

San  Antonio,  Tex 

Sour  Lake,  Tex 

Tyler,  Tex 

Waco,  Tex 

Weatuerford,  Tex 

Weimar,  Tox 

Vicksbnrg,  Miss. : 

Edwards,  Miss 

Jackson.  Miss 

Lako,  MLiss 

Monroe,  La 

Vicksburg,  Miss 

LitUoltock,  Ark.: 

Arkansas  (!it3%  Ark  .. 

Brinkley,  Ark 

DevalVs  Blunr,  Ark  . .. 

Fort  Smith,  Ark 

Helena*  Ark 


Inehet. 
5.18 
0.00 
4.8) 
8.01 
4.59 

0.48 
5.21 
3.02 
5.08 
14.45 
3.03 
8.02 
7.13 
3.05 
2.64 

4.82 
6.44 

x») 

3.68 

7.81 

2.00 

8.27 

6.23 

8.13 

3.56 
0.00 
0.84 
2.88 
2.86 
0.11 
5.84 
2.41 
8.52 
8.87 
5.77 
4.77 

(») 
8.70 

(») 
2.07 

(») 

6.20 

&04 

4.03 

6.00 

6.41 

0.54 

4.55 

6.88 

4.02 

(') 

0) 

6.08 

•6.70 

*3.10 
2.08 

12.44 
7.50 

10.43 

2.50 
2.39 
8.86 
3.43 
4.75 

(') 

0.00 

4.23 

2.50 

0.43 


2.44 

4.80 
(') 
(») 
0.15 

(0 
4.15 
2.50 
2.50 

2.56 
O.U 
4.07 
8.62 
8.82 
0.87 
4.11 
2.70 
1.80 
2.38 
8.30 
4.22 

C) 
6.77 

0.87 
0.06 

(») 

0.57 

8.36 

0.80 

0.68 

3.26 

0.00 

2.43 

0.71 

6.86 

0.00 

0.10 

2.07 

0.68 

6.06 

L24 

2.22 

4.23 

0.18 

0.81 
L71 
2.45 
4.10 
2.!N) 


2.80 
4.68 

(«) 

0.25 

3.30 

0.23 

3.81 

1.01 

7.80 

4.27 
0.20 
6.09 
2.62 
4.83 
0.46 
7.37 
4.80 
5.86 
3.67 
6.15 
2.43 
1.83 
4.80 

8.10 
0.11 

(') 

2.02 

2.85 

5.87 

2.26 

2.20 

2.70 

8.86 

8.10 

5u62 

0.00 

0.80 

(•) 
6.66 

L16 
L80 
2.47 
LOO 
6.68 

4.05 
4.00 
5.30 
4.48 
G.01 


Inchea. 

Inches. 

3.35 

0.46 

3.29 

5.62 

3.00 

3.81 

1.75 

2.29 

5.83 

2.02 

3.40 

3.06 

4.40 

4.05 

1.06 

4.  SO 

2.80 

3.10 

0.16 

2.17 

1.07 

4.47 

4.32 

7.64 

3.33 

6.88 

2.83 

0.02 

1.23 

5.75 

^ 

4i 

SB 

JH 

1 

S' 

< 

£ 

Inches. 

Inches. 

8.03 

8.05 

6.05 

8.08 

2.70 

2.42 

4.10 

6.20 

7.70 

&81 

3.31 

6.07 

2.52 

6.66 

4.71 

6.06 

3.00 

4.85 

3.54 

8.80 

4.56 

2.67 

3.03 

4.83 

8.76 

6.43 

3.24 

2.88 

1.05 

0.25 

(«) 

l.ra 

1.02 

1.20 

2.71 

2.00 

4.88 

2.48 

2.43 

L21 

2.56 
2.86 
4.36 
2.74 
L03 
0.18 
C.07 
2.02 
8.75 

2.04 
0.06 
4.62 
6.40 
8.21 
0.30 
6.76 
L&l 
&85 
2.52 
4.25 
5.71 
2.53 
0.01 

1.31 
0.41 

(») 

2.06 

0.44 

3.48 

L85 

L74 

0.40 

L48 

8.02 

0.12 

0.15 

7.00 

L87 

0.06 

4.20 

0.00 

0.73 

2.60 

0.10 

L54 
LOO 
LIO 
4.83 
l.(>4 


6.83 
6.07 
6.61 
3.62 
6.40 
0.31 
0.25 
8.46 
4.00 

4.34 
0.07 
5.03 
3.01 
4.26 
L23 
7.70 
8.75 
2.77 
6.25 
13.65 
4.84 
6.01 
6.70 

4.78 
2.50 
2.24 
0.06 
2.40 
8.43 
0.74 
26.01 
0.16 
4.66 
5.87 
6.08 

(») 

0.53 

4.63 

L51 

9.11 

2.85 

0.85 

2.75 

3.12 

12.15 

10.38 

3.00 

6.51 

9.28 


I 


Inches. 
3.78 
5.80 
5.53 
8.38 
6.07 


2.77 

7.31 

1.00 

o.i:j 

1.23 

2.1G 

2.99 

0.09 

LOO 

1.54 

2.33 
L26 

L85 
2.87 
L70 

2.88 
4.56 
L75 
0.30 

2.87 
2.82 
L36 
8.37 
3.11 
0.02 
L19 
2.25 
L50 

1.35 
0.03 
L77 
0.03 
2.25 
0.00 
0.18 
2.01 
L04 
L54 
0.60 
0.16 
1.03 
4.14 

L33 
0.12 
L  4,5 
L50 
2.48 
L26 
0.72 
2.20 
0.05 
L40 
0.33 
10.23 

r>) 

0.36 
L47 
0.65 

(«) 
0.50 
O.fiO 
1.90 
2.00 

l.'lO 
1.44 
L60 
0.81 
LOl 

0.28 
0.08 
1. 52 
2.31 

Lao 


'Iforecor^. 


'Record  incomplete. 


■for  23  dap. 


^For  18  iSskjn. 
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rrccipitaiion  at  the  coiion'regUm  stations  of  Vie  Signal  Service^  <f  c. — Continaed. 


DUtriots  and  atotions. 


Little  Rook,  Ark.— Continiied : 

KensettC  Ark 

Little  Book,  Ark 

Madison,  Ark 

Macnolia,  Ark 

Malvern,  Ark 

Monticello,  Ark 

Newport,  Ark 

Paris,  Tex 

PineBluff,  Ark 

Froscott,  Ark 

KossellviUe,  Ark 

Texarkana,  Ark 

Memphis,  Tcnn. : 

Arlington,  Tenn 

Bateavillo,  Miss 

Bolivar,  Tenn 

Brownsville,  Tenn 

Corinth,  Miss 

Covington ,  Tenn 

Deoatar,  Ala 

Dyersburg,  Tenn 

Grand  Junction,  Tenn 

Gr6nadi^  Miss 

Hernando,  Miss 

nolly  Springs,  Miss 

Memphis,  Tenn 

Milan,  Tenn 

Xashville,  Tenn 

Oxford.  Miss 

Paris,  Tenn 

SoottsboTongh,  Ala 

Tuscnmbia,  Ala 


m 

-s 

fi 

K 

% 

8, 

s 

1 

1 

p 

£ 

Inches. 

Inches, 

IiuiKes. 

Indues. 

Incfcet. 

U.24 

3.06 

0.07 

0.80 

L45 

3.26 

3.89 

L13 

LOS 

2.06 

1.60 

1.30 

2.12 

0.02 

0.29 

1.85 

5.74 

3.50 

2.31 

0.50 

G.11 

3.67 

1.02 

L83 

2.  OS 

6.05 

3.55 

3.48 

2.28 

2.88 

1.00 

2.08 

3.86 

0.32 

LJ2 

2.52 

2.34 

8.12 

2.82 

8.95 

8.15 

2.45 

2.46 

0.41 

O 

2.1G 

1.17 

0.00 

0.04 

0.27 

L58 

2.95 

0.85 

L20 

3.87 

C*) 

4.03 

2.18 

2.23 

2.  OS 

0.15 

0.30 

0.10 

0.14 

a29 

1.45 

3.06 

8.00 

L43 

6.86 

2.40 

5.05 

2.00 

0.85 

6.16 

1.07 

9.75 

3.29 

L02 

aL6l 

0.33 

0.88 

0.81 

0.01 

ao8 

1.87 

4.75 

2.15 

LIO 

Le4 

5.92 

4.76 

8.79 

8.74 

3.25 

3.25 

7.12 

4.59 

L04 

2.04 

2.26 

6.66 

.4.47 

0.66 

&80 

2.57 

LOS 

1.23 

1.51 

4.08 

0.60 

4.03 

3.37 

LOS 

5.58 

2.32 

4.00 

2.35 

L46 

6.89 

3.05 

1.52 

4.80 

1.70 

4.40 

8.17 

5.19 

3.79 

0.56 

2.68 

4.32 

3.70 

5.19 

0.06 

S.40 

1.62 

6.68 

1.33 

L2S 

5.45 

2.09 

5.25 

2.16 

0.09 

2.18 

7.45 

5.03 

0.40 

8.48 

4.07 

3.54 

0.63 

1.22 

2.64 

7.37 

I 


LIO 
LIB 

aos 

2.63 
&80 
LIO 
0.87 
L91 

0.13 
0.35 
2.60 

0.04 

0.36 
L20 


L78 
8.00 
L74 
LOB 

L64 
2.47 
0.98 
3.79 
8.01 
0.75 
2.24 
&78 
2.68 


'For  24  days. 


'No  record. 
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APPENDIX  47. 


>  ObMrrmtloiia  dUcontlnned  OetobM-  tl,  1889.  '  ObavrraUoiu  eomtanncied  Hay  17,  UH. 


BEPOBT  OF  THE  CBIEF- SIGNAL  OFFICBB. 


APPENDIX  47. 
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APPENDIX  48. 

Mean  relalive  humiditff  at  tUUions  of  the  Signal  Servioe,  UnUeA  Stales  Armig,  for  eatk 

month  and  the  year. 

[Computed  ftoxn  the  commencement  of  obeerrationB  to  I>ecembor,  1885.  inelnslTe.  ObeemtioDS  prior 
to  AnffiMt  25. 1872,  were  taken  at  7.35  a.  m.,  4.35,  and  11.35  p.  m.,  Waahinsion  time;  fttm  Augoiit 
25,  18^,  to  November  1, 1870,  at  7.85  a.  m.,  4.35,  and  11  p.  ra.,  Waahf nglon ~time ;  finom  November  1. 
1870,  to  jDecember  31, 1884,  at  7  a.  m.,  8,  and  11  p.  m.,  Washington  time ;  and  from 


oember  81, 1885,  at  7  a.  m.,  3,  and  11  p.  m.,  75th  meridian  time.j 


from  January  1  to  De- 


Diatrlotfl  and  ataUona. 


KewBngland; 

Eaatport,  Me 

Portbind,Me 

Mount  Washington,  N.  H.. 

Boston,  Mass 

Block  Island,  R.  I 

New  Haven,  Conn 

New  London,  Conn 

Middle  Atlantic  States : 

Albanv,N.  T 

New  York  City 

Philadelphia,  Pa 

Atlantic  City,  N.J 

Bamesat  City,  N.  J.i . . . . 

Cape  May,  N;  J.  * 

Sandy  Hook,  N.  J 

Baltimore,  Md 

Washington  City 

Cape  Henry,  Va 

Chincoteague.  Va 

L3^chbnrg,  Va 

Norfolk,  Va 

South  Atlantic  States: 

Charlotte,  N.C..., 

Hatteras,N.C 

Kitty  Hawk,  N.  G 

Macon,  Fort,  N.C 

SmithvUle,N.C 

Wihnington,N.C 

Charleston,  S.  C 

Augasta.6a. 

Savannah,  Ga 

Jacksonville,  Fla 

Florida  Peninanla : 

Cedar  Ki^8,FU 

Key  West,  Fla 

Sanford,Fla 

Eastern  Oalf  States : 

Atlanta,  Ga 

Pensacola,  Fla 

Mobile,  .A  la 

Montgomery,  Ala 

VicksDurg,  Miss. 

New  Orleans,  La 

Western  Gnlf  States: 

ShreveporL  La 

Fort  Smith,  Ark 

Little  Bock,  Ark 

Galveston,  Tex 

Indlanola,  Tex 

Palestine,  Tex 

San  Antonio,  Tex 

Bio  Grande  Valley : 

Brownsville,  'tex 

Rio  Grande  City,  Tex ... 

'Station  closed  December  31, 1885. 
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P.et 

P.et. 

P,et. 

P.et 

77 

70 

75 

72 

74 

72 

70 

08 

04 

65 

85 

84 

MO 

87 

84 

72 

70 

70 

00 
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7« 
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75 
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74 

74 
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09 

00 
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04 

77 
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71 
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82 

80 

70 

77 

82 

08 

m 

67 

68 

01 

75 

71 

07 

08 

09 

73 

07 

03 

02 

02 

8.1 

81 

78 

80 

82 

80 

70 

70 

70 

79 

ai 

81 

77 

81 

81 

81 

77 

70 

78 

77 

72 

09 

08 

08 

71 

70 
73 
72 

72 
08 
09 

70 
05 
OR 

71 
65 
00 

72 
05 
09 

75 

71 

07 

08 

09 

81 

70 

73 

74 

71 

80 
78 

77 
74 

71 
72 

70 
71 

71 
78 

72 
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01 
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74 
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74 

78 

74 

73 
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74 
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72 
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72 
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00 

08 

75 

79 
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79 

70 

74 

82 

78 

80 

77 

78 

09 

08 

a5 

72 

70 

72 

* 

08 

07 

75 

70 

79 

79 

80 

70 

77 

72 

00 

71 

07 

00 

« 
d 


P.cL 

70 
08 
83 
08 
83 
70 
74 

00 
09 
08 
82 
70 
80 
73 
04 
07 
74 
8i 
07 
70 

04 

79 
84 
77 
74 
74 
09 
72 
72 

75 
71 
81 

07 
77 
74 
09 
70 
72 

70 
70 
70 
73 
70 
77 
09 

74 
07 


P.et 

70 
71 
87 
70 
82 
72 
70 

07 
71 
iB 
82 
80 
H) 
74 
04 

75 

82 
08 
71 

05 
81 
70 
83 
78 
76 
75 
GO 
72 
72 

74 
70 
77 

07 
78 
70 
70 
72 
73 

72 
70 
76 
73 
70 
74 
04 

73 
GO 


a 
d 


P.cL 

70 
73 
88 
78 
82 
75 
78 

08 
72 
72 
82 
80 
81 
76 
00 
72 
78 
83 
71 
70 

09 
82 
81 
84 
80 
79 
77 
73 
70 
76 

70 
72 

80 

73 
70 
78 
72 
72 
74 

70 
74 
70 
73 
70 
72 
07 

75 

07 


1 

• 

i 

1 

J 

1 

1 

8 

t 

» 

1 

p.et 

P.cL 

P.cL 

P.et 

80 

Tt 

75 

77 

74 

72 

72 

74 

85 

88 

87 

at 

78 

70 

71 

72 

82 

70 

78 

79 

75 

78 

72 

74 

77 

75 

72 

78 

72 

72 

74 

76 

72 

70 

70 

73 

71 

70 

60 

7S 

81 

79 

78 

» 

80 

70 

78 

80 

77 

75 

73 

76 

76 

73 

78 

75 

70 

80 

68 

68 

73 

72 

71 

72 

76 

73 

71 

78 

81 

80 

78 

79 

70 

GO 

68 

67 

70 

75 

73 

72 

70 

70 

68 

70 

81 

81 

79 

81 

80 

78 

76 

77 

84 

83 

81 

81 

80 

7ir 

72 

78 

77 

75 

72 

7S 

77 

77 

74 

74 

78 

72 

72 

78 

78 

70 

72 

71 

78 

75 

.« 

74 

77 

77 

70 

8S 

76 

76 

78 

78 

83 

80 

81 

78 

71 

71 

66 

68 

78 

75 

74 

77 

75 

75 

76 

78 

70 

00 

71 

73 

72 

72 

70 

70 

73 

71 

72 

73 

71 

78 

72 

72 

72 

TO 

68 

71 

77 

77 

73 

72 

74 

74 

77 

80 

78 

76 

78 

81 

72 

74 

60 

08 

70 

68 

68 

70 

78 

78 

78 

80 

60 

72 

66 

9S  1 

i 


78 
70 
8S 
70 
78 
72 
73 

78 
70 

60 
80 
70 
77 
74 


74 
80 
66 
72 

67 
81 
70 
83 
78 
72 
74 
70 
72 
73 

76 
74 
77 

«7 
78 
75 
69 
70 
72 

71 
7i 
74 
76 
78 
71 
68 

78 


'Station  closed  October  81, 1885. 
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Mean  relalive  Jutmidiig  at  $iatUm$  of  ihs  Signal  Service,  jre. — Continued. 


Dlstriols  md  Btailons. 


Oblo  Yalley  and  TennMiee : 

ChattaaoogiL  Tenn 

KnozviUe/TeDii 

ICemphla,  T«im 

NaahvUto,  Tenn 

Louisville^  Kt 

OreraoMue,  Ind 

IndlMiapoHs,  Ind 

Clndniuitl,  Ohio 

Colnmboa,  Ohio 

Plttoborg.  Pa 

lAwer  Lakes: 

Ballklo,N.Y 

OswegOiN.Y 

Boehe8tflr,K.Y 

Brie.  Pa 

Clevelaiid,  Ohio 

Sandnsky.Ohio 

Toledo,  (Mio 

Detroit*  Mloh 

Upper  Lakes: 

AlpeiULHioh 

Bacanaba,  Mloh 

Onnd  Haven,  Mich 

liaekinaw  City,  Mloh . . . 

Karqnettet  Mion 

Port  Mnron,  Mich 

ChloaBQ,Ill 

Milwankee,  Wis 

Dalnth,  Minn 

Upper  Missisaippi  Yalley : 

Saint  Pan!,  Minn 

La  Crosse,  Wis 

Davenport,  Iowa 

Des  Moines,  Iowa 

DnhnqpeLlowa 

Keoknk.Iowa 

Cairo,  Di 

Springfield,  Hi 

Saint  Iionia,  Mo 

Missouri  Yalley: 

Leavenwoith,  Kans 

Omaha,  ITebr. 


Bennett,  Fort,  Dak.> 
i,Dak... 


Haron, 

Yankton,  Dak. 
Bztreme  Northwest: 

Moorhead,  Minn 

Saint  Yinoent.  Minn 

Bismarok,Dak 

BofoTd,  Fort,  Dak 

Totten,  Fort,  Dak 

Nortiiern  Slope : 

Aasinabome,  Fort,  Mont. . . 

Benton,  Fort,  Mont 

Caster,  Fort,  Mont 

Helena,  Mont 

Masinnis,  Fort,  Mont 

Poplar  River:  Mont 

Shaw,  Fort,  Mont 

Deadwood,  Dak 

Cheyenne,  Wyo 

North  Phitte,  ITebr 

Middle  Slope: 

Dmver,  Colo 

Pike's  Peak,  Colo 

West  Las  Animss,  Colo. . . 

Dodge  City,  Kans 

BlUott,  Fort,  Tex 

Soathern  Slope: 

SUl,  Fort.  Ind.  Ter 

Concho,  Fort,  Tex.* 

Davis,  Fort,  Tex 

Stoekton,  Fort,  Tex 

Southern  Plateaa : 

Santa  F6,N.Mex 


• 


P.  el, 

75 
76 
73 
73 
72 
81 
74 
78 
74 
76 

80 
74 
80 
70 
78 
76 
75 
77 

77 
75 
78 
75 
78 
80 
75 
70 
75 

74 
72 
78 
70 
67 
75 
74 
72 
72 

73 
78 
78 
65 
68 

81 
01 
78 
75 
72 


70 
74 
74 
58 
01 
78 
68 
55 
70 

54 
68 
72 
60 
62 

68 
68 
67 
67 

53 


P.ct 

68 
00 
68 
70 
68 
81 
71 
70 
72 
73 

78 
74 
77 
78 
75 
74 
74 
75 

74 
72 
76 
74 
72 
70 
78 
78 
72 

70 
71 
72 
60 
68 
72 
70 
68 
70 

70 
72 
78 
68 


70 
84 

78 
74 
75 

68 
72 
78 
70 
40 
02 
70 
00 
W 
68 

54 

70 
60 
67 
56 

60 
64 
40 
53 

64 


P.rt. 

64 
64 
0-i 
64 
63 
74 
67 
66 
67 
60 

75 
73 
70 
76 
75 
.74 
70 
78 

76 
71 
76 
72 
72 
78 
72 
76 
60 

60 
60 
60 
66 
67 
68 
64 
64 
66 

65 
68 
72 
70 
^ 

78 
84 
75 
76 


68 
64 
68 
67 
46 
02 
63 
68 
57 
64 

48 

78 
61 

on 

40 

60 
00 
48 
62 


44 


P.rt. 

64 
OL 
02 
63 
50 
71 
00 
60 
64 
63 

71 
68 
67 
70 
67 
68 
64 
64 

70 
60 
67 
71 
66 
72 
67 
71 
67 

62 
62 
63 
64 
61 
65 
62 
63 
61 

62 
61 
67 
60 


74 
78 
68 
68 

77 

60 
62 
61 
61 
63 
82 
58 
60 
60 
60 

60 
77 
40 
55 
40 

57 
58 
40 

48 

37 


P.et 

08 

05 

05 

63  1 

Ci 

00 

61 

60 

64 

62 

68 
67 
64 
66 

65 
66 
63 
03 

70 
00 
67 
72 
64 
60 
68 
68 
68 

62 
60 
64 
66 
61 
65 
67 
65 
66 

65 
65 
67 
71 
66 

68 
71 
64 
63 
68 

66 
68 
62 
66 
64 
68 
66 
68 
60 
65 

60 
73 
68 
«5 
68 

67 
63 
47 
60 


s 


32 


P.et 

72 
73 
00 

«7 
75 
08 
65 
68 
66 

71 
70 
67 
70 


68 
60 

73 
72 
72 
74 
68 
73 
71 
73 
72 

70 
68 
70 
73 
60 
71 
73 
71 


67 
60 
70 
75 
71 

72 
76 
67 
60 
76 

56 
61 
65 
60 
61 
73 
60 
67 
60 
04 

44 

60 

57 

50 

67 
60 
48 
57 

31 


I 


I 


P.eLP.eL 


72 
73 
70 
00 
07 
70 
liH 
04 
64 
08 

72 
71 
68 
70 
70 
60 
00 
70 

73 
72 

73 
75 
68 
74 
71 
74 
68 

71 
70 
60 
72 
67 
68 
72 
65 


77 
74 
70 
60 
67 
77 
08 
CO 
07 
70 

71 
71 
68 
70 
70 
08 
71 
71 

76 
76 
75 
77 
70 
73 
71 
75 
73 

72 
60 
68 
70 
60 
68 
72 
65 
67 


I 


68 

05 

71 

70 

68 

05 

77 

70 

72 

71 

74 

73 

80 

81 

64 

03 

67 

0:1 

77 

74 

54 

63 

61 

60 

52 

47 

62 

40 

63 

51 

75 

73 

65 

64 

04 

01 

60 

r>o 

66 

65 

47 

48 

00 

68 

53 

58 

04 

05 

55 

60 

64 
58 
55 

47 


62 
6*2 
58 
55 

51 


P.eL 

77 
73 
71 
70 
08 
70 
68 
67 
fkt 
71 

72 
71 
70 
72 
70 
71 
72 
72 

77 
77 
75 
77 
70 
74 
00 
74 
73 

71 
72 
68 
70 
70 
68 
73 
66 
66 

64 
70 
63 
72 
08 

72 
78 
63 
62 
60 

67 
67 
64 
67 
67 
00 
68 
60 
45 
62 

44 

68 
52 
60 
56 

65 
66 
00 
02 

44 


I 

o 
O 


P.et. 

70 
72 
71 
60 
68 
70 
08 
07 
71 
71 

73 
71 
72 
72 
70 
72 
71 


I 


e 


P.et. 

71 
72 
08 
70 
68 
77 
71 
60 
71 
71 

70 
71 
7« 
75 
74 
73 


71  I  74 


64 
60 
65 
70 
05 

75 
70 
65 
67 
70 

61 
62 
68 
62 
58 
72 
62 
63 
48 
63 

46 
70 
59 
63 
03 

66 
60 
55 
01 

43 


I 


78 

82 

76 

78 

74 

76 

74 

78 

70 

74 

75 

80 

70 

72 

73 

76 

70 

76 

70 

73 

08 

72 

67 

70 

71 

70 

68 

71 

60 

71 

71 

00 

60 

67 

66 

68 

65 
70 
72 
70 
08 

Ml 
83 
74 
77 
84 

64 
62 
65 
63 
54 
77 
02 
66 
52 
65 

50 
68 
61 
62 
54 

06 
00 
54 
50 

50 


P.et 

73 
75 
71 
72 
71 
81 
74 
72 
76 
70 

70 
70 

70 
78 
76 
75 
78 

80 
78 
70 
70 
76 
82 
75 
70 
76 

75 
74 
74 
73 
71 
76 
72 
71 
72 

71 
73 
74 
67 
71 

84 
86 
75 
77 
78 

62 
63 
60 
04 
64 
86 
63 
68 
57 
70 

56 
71 
69 
67 
65 

70 
65 
54 
&9 


63 


1 

P.eL 

71 
70 
08 
68 
67 
76 
68 
66 
68 
70 

74 
78 
72 
73 
72 
71 
70 
71 

75 
74 
74 
75 
70 
76 
71 
75 
72 

70 
68 
60 
70 
07 
70 
70 
68 
68 

67 
60 
00 
71 
68 

76 
81 
70 
70 
75 

00 
62 
62 
62 
68 
80 
01 
67 
52 
63 

40 

70 
01 
63 
65 

65 
64 
63 
65 

44 


>  Station  dosed  November  30, 1885. 


*  Station  closed  September  15^  1885. 
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Mean  relative  kumidUff  at  eiaiiona  of  the  Signal  Service,  ^o.— Contmned. 


Districts  and  stations. 


Southern  Plateau— Continaed : 

El  Paso,  Tex 

Apaohe,  Fort,  Arts 

OrantiFort,  Arls 

Preacott,  Aria 

Thomaa,  Port,  Aria 

Yuma,  Aria 

Middle  Platean: 

Winnemncoa,  Nev 

Salt  Lake  City,  Utah 

Northern  Plateau : 

Boifl6  City.  Idaho 

LewistoD,  Idaho* 

Dayton,  Wash.* 

Spokane  FalIa,Waah 

North  Paoiflo  Coaat : 

Canby.  Fort,  Wash 

Olympia,  Wash 

Tatooah laland,  WaAh  .... 

Portland,  Oreir 

Boaehnnr,  On>a 

Middle  Paoiflo  Coast: 

Cape  Mendocino,  Cal 

BedBloir.  Cal 

Raoramento,  Cal      

San  Francisco,  Cal 

Sonth  Paoiflo  Coast : 

Loa  Angeles,  Cal 

8anDleffo,Cal 

Alaska  statwns: 

Saint  Michael's,  Fort 

Sitka 

Unalaahka 

Behring*B  laiand,  Bohring  Sea 


• 

c 

p 

S. 

• 

• 

P.eL 

t 

P.eL 

• 

P.eL 

1 

P.eL 

t 

0 

P.cL 

1 

P.  eL 

ReL 

P.  St. 

P.eL 

52 

48 

40 

88 

84 

86 

46 

62 

54 

03 

61 

58 

46 

40 

87 

65 

64 

52 

fiO 

48 

42 

31 

25 

26 

45 

64 

41 

67 

66 

61 

45 

84 

80 

46 

63 

44 

65 

61 

66 

41 

86 

84 

45 

64 

48 

46 

43 

44 

42 

8t 

38 

42 

46 

44 

03 

62 

60 

61 

41 

85 

28 

22 

20 

60 

58 

60 

48 

42 

85 

32 

33 

34 

77 

75 

65 

-  60 

56 

61 

42 

42 

50 

70 

60 

63 

63 

60 

61 

45 

44 

64 

81 

70 

68 

61 

62 

60 

62 

60 

68 

81 

80 

75 

67 

60 

61 

64 

64 

65 

85 

a*! 

81 

85 

84 

87 

81 

86 

88 

Ki 

84 

82 

78 

72 

70 

68 

73 

80 

85 

84 

84 

83 

86 

87 

89 

02 

00 

79 

79 

75 

70 

65 

65 

64 

67 

70 

83 

80 

75 

72 

67 

63 

62 

62 

66 

80 

80 

83 

84 

85 

85 

87 

88 

80 

7.1 

70 

62 

64 

51 

40 

84 

84 

41 

79 

75 

70 

70 

63 

69 

65 

66 

65 

74 

74 

73 

73 

73 

75 

70 

80 

78 

03 

67 

72 

71 

71 

70 

70 

60 

70 

71 

74 

75 

73 

74 

74 

76 

77 

77 

00 

06 

06 

04 

01 

84 

82 

86 

86 

77 

76 

74 

70 

75 

77 

80 

80 

81 

86 

84 

82 

80 

77 

70 

70 

82 

(2 

87 

89 

88 

00 

80 

88 

02 

82 

87 

It 

u 

1 

M 

s 

§ 

■« 

o 

• 

O 
P.eL 

P.eL 

p 

P.€L 

56 

55 

65 

51 

66 

61 

88 

42 

49 

U 

61 

69 

48 

67 

96 

44 

46 

69 

44 

60 

94 

44 

53 

91 

62 

70 

77 

68 

75 

77 

68 

80 

fa 

76 

81 

89 

88 

•1 

99 

84 

86 

M 

88 

89 

83 

78 

70 

m 

78 

85 

86 

82 

81 

83 

61 

66 

75 

62 

71 

80 

74 

73 

79 

66 

63 

94 

73 

68 

68 

80 

01 

93 

76 

77 

77 

84 

TO 

81 

8.'> 

80 

87 

a 
< 


P.eL 

48 

54 
41 
41 

51 
44 

41 
41 


63 
«7 
70 

87 
79 
86 
7i 
73 

S3 
55 
C7 
75 

64 

74 

91 
7< 

m 


1  Station  okMed  December  81, 1885. 


•  Station  oloaed  VoTenber  30, 1885. 
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APPENDIX   49. 


Date  of  the  first  frost  at  stations  of  the  Signal  Service,  United  States  Army,  east  of  the 

Booty  MauntainSf  for  the  winter  of  1885-'8G. 


Districts  and  statioiis. 


New  England : 

Eastport,  Me 

Portbind,  Me 

Moont  Washington,  N.  H 

Boston,  Mass 

Block  Island,  B.  I 

New  Haven,  Conn 

New  London,  Conn 

Middle  Atlantic  States: 

Albany,  N.Y 

New  York  City 

Philadelpliia,  ta 

Atlantic  Citv,  N.  J 

Barnegat  City,  N.  J.* 

Randy  Hook,  N.  J 

Baltimore,  Md 

Washington  City 

Cape  Henry,  Va 

Chincoteagoe,  Va 

Lynchbnrg,  Va 

Norfolk,  Va 

South  Atlantic  SUtes : 

Charlotte,  N.C 

Hatteros,  N.  C 

Kitty  Hawk,  N.  C 

Macon,  Fort,  N.C 

Smithvillo,  N.  C 

WOmlngton,  N.  C 

Charleston.  S.  C 

Angnsca,  6a 

Savannah,  6a 

Jacksonville,  Fla 

Florida  Peninsula: 

Cedar  Key  s,  Fla 

Key  West.  Fla 

Sanford,  Fla 

Bastem  Onlf  States : 

Atlanta.  6a 

Pensacola,  Fla 

Mobile.  Ala 

Montgomery,  Ala 

Vicksbarg,Miss 

New  Orleans,  La 

Western  Onlf  States : 

Sbreveporft,  IjA 

Fort  Smith,  Ark 

Little  Book,  Ark 

Galveston,  Tex 

Indianola,  Tex 

Palestine,  Tex 

San  Antonio,  Tex 

Bio  Grande  Vnlley : 

Brownsville,  Tex 

Bio  Grande  City,  Tex 

Ohio  Valley  and  Tennessee : 

Chattanooga,  Tenn 

Knoxrille,  Tenn 

Memphis,  Tenn 

Nashville,  Tenn 

LoulsviUe.  Ky 

Greoncastle,  Jnd 

IndianaxMtlUi.  Ind 

Cincinnati,  Ohio 

Colnmbas,  Ohio 

Pittsborg,  Pa 

Lower  Laken: 

Baflfalo,  N.Y 


Dates. 


Oct.  8 
Oct.     7 

(») 
Sept.  24 
Nov.  18 
Sept  24 
Oct.    23 

Oct.  7 
Oct.  7 
Oct.  23 
Oct.  23 
Nov.  18 
Nov.  27 
Oct.  23 
Oct.  22 
Doc.  3 
Oct.  12 
Oct.  5 
Oct.    22 

Oct  5 
D«o.  20 
Deo.  6 
Nov.  4 
Oct.  22 
Oct.  22 
Oct.  23 
Oct.  22 
Nov.  15 
Nov.  18 

Dec.     0 

Nov.  25 

Oct.  f) 
Oct.  22 
0<;t.  22 
Oct.  14 
(Kt.  15 
Deo.     3 

Oct.  14 

Oct.  4 

Oct.  14 

Jan.  7 

Dec.  14 

Oct.  14 

Nov.  14 

Deo.  15 
Nov.  14 

Oct.  5 
Oct.  7 
Oct.  4 
Sept  24 
Sept  24 
Sept  24 
Sept  23 
Sept  24 
Oct  8 
Oct     7 

Sept  23 


Distriota  and  stationa. 


Lower  Lakea-Continaed : 

Oswego,  N.Y 

Bocheater,  K.  Y 

Erie,  Pa 

Cleveland,  Ohio 

Sandasky,  Ohio 

Toledo.  Ohio 

Detroit,  Mioh 

Upper  Lakea: 

Alpena^  Mich 

Escanana,  Mioh 

Grand  Haven,  Mioh. . ."' 

Mackinaw  Citv,  Mich. ... 

Marquette,  Mich 

Port  Huron,  Mioh '.'. 

Chicago,  HI *i 

Milwankee,  Wis '.'.V , 

Duluth.  Minn 

Upper  Mississippi  Valley: 

Saiut  Paul,  Minn  ........ 

La  Crosse,  Wis 

Davenport^  Iowa 

Dcs  Moines,  Iowa 

Dubuque,  Iowa 

Keokuk.  Iowa 

Cairo,  111 

Springfield,  III '. 

Saiot  Louis,  Mo 

Missouri  Valley : 

Lamar,  Mo 

Leavenworth,  Kans 

Omaha,  Nebr 

Valentine,  Nehr 

Bonnott,  Fort,  Dak ' 

Huron,  Dak 

KuUy,  Fort  Dak ." 

Yankton,  Dak 

Extreme  Northwest: 

Moorhead,  Minn 

Saint  Vincent  Minn 

Bismarck.  Dak 

Bnford,  Port,  Dak 

Totton,  Fort  Dak 

Northern  Slope: 

Assinaboine,  Fort^  Mont. 

Benton,  Fort,  Mont 

CuHter,  Fort,  Mont 

Helena,  Mont 

Maginnis.  Fort  Mont...! 

Poplar  Biver,  Mont 

Shaw,  Fort,  Mont 

Deadwood,  Dak 

Cheyenne,  Wyo 

North  Platte,  Nebr 

Middle  Slope: 

Denver,  Colo 

Pike's  Peak,  Colo 

West  Las  Animas,  Colo. . 

Concordia,  Kans , 

Do<lg©City,  Kans 

EUiott,  Fort,  Tex 

Southern  Slope : 

SUI,  Fort,  Ind.  T 

Abilene,  Tex 

Davis,  Fort,  Tex V. 

Stockton.  Fort,  Tex 

Stanton,  Fort,  N.  Mex- .. 


Dates. 


Oct 

7 

Oct 

7 

Oct 

17 

Oct 

24 

Oct 

7 

Sept 

2 

Sept 

2 

Sept 

2 

Aug. 

25 

Sept 

6 

Sept 

23 

Sept 

lu 

S^pt 

2 

Sept 

1 

Oct 

4 

Sept 

2 

Sept 

6 

Aug- 

20 

Got 

li 

Oct 

4 

Aug. 

2G 

Oct 

4 

Oct 

4 

Oct. 

6 

Oct 

3 

Oct 

4 

Oct 

4 

Oct 

4 

Sept 

9 

Sept 

4 

Sept 

1 

Sept 

4 

Sept 

6 

Aug. 

2:1 

Aug. 

21 

Sept 

1 

Sept 

I 

Ang. 

25 

Oct 

3 

Sept  17 

Oct. 

3 

Oct 

5 

Sept 

5 

Sept 

1 

Sept  26 

Sept 

1 

Oct 

5 

Oot 

1 

Oct 

6 

(*) 

Sept  18 

Oot 

4 

Oot 

6 

Oot 

6 

Oct 

4 

Oct. 

20 

Oct 

18 

(•) 

Sept  24 

1  station  closed  November  30, 1886. 
'  Station  dosed  December  31, 1885. 
*  Frost  each  month. 


*  No  frost  observed. 

*  No  reliable  records. 
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APPENDIX    50. 

Date  of  the  last  frosts  at  statums  of  the  Signal  Service,  United  States  Army,  east  of  the 

Rooky  Mountains,  for  the  ii?in(er  o/1885-'86. 


Difltrict  and  statioos. 


New  Bngland : 

SastoortiMe 

PorUiuia,Me 

Mount  w  aAhingtoii,  N.  H . 

Boston,  Kam 

Block  Island,  R.  I 

New  HftTen,  Conn 

New  London,  Conn 

Middle  Atluitio  States: 

Albany,  N.Y 

New  ^^ork  City 

Philadelphia,  Pa 

Atlantio  City^.  J 

Sandy  Hook,  N.J 

Baltimore,  Md , 

Waehinffton  City 

Cape  Henry,  Va 

Chincoteafnie,  Ya 

liynchbarff,  Va 

Norfolk,  Va 

South  Atlantio  States: 

Charlotte,  N.  C 

Hatteras,  N.  C 

Kitty  Hawk,  N.  C 

Macon,  Fort,  N.  C 

SmithTiUe,  N.  C 

Wilmington.  N.  C 

Charleston,  S.  C 

Angasta,  6a 

Savannah,  Oa 

JaoksooTille,  Fla 

Florida  Peninsula: 

Cedar  Keys.  Fla 

Key  West,  Fla 

Sanford,  Fla 

Eastern  Oulf  States : 

Atlanta,  Ga 

Pensaoola,  Fla 

Mobile,  Ala 

Montgomery,  Ala 

Vioksburg,  Miss 

New  Orleans,  La 

Western  Gulf  States: 

ShreTeport,  Ia 

Fort  Smith.  Ark 

Little  Rock,  Ark 

Galveston,  Tex 

Indianola,  Tex 

Palestine,  Tex 

San  Antonio,  Tex 

Rio  Grande  Valley : 

Brownsyille,  Tex 

Rio  Grande  City.  Tex .... 
Ohio  Valley  and  Tennessee: 

Chattanooga,  Tenn 

Knoxville,  Tenn 

Memphis,  Tenn 

Nashville.  Tenn 

Loolsville,  Ky 

GitM^noasUe,  Xnd 

Indianapolis,  Ind 

Cincinnati,  Ohio 

Colmnbns,  Ohio 

Pittsborg,  Pa 

Lower  Lakes: 

Bai!Uo,N.  Y 


Dates. 


Apr. 

29 

-^Pf: 

12 

(') 

May 

1 

Apr. 

5 

June 

1 

Apr. 

9 

May 

26 

Apr. 

5 

Apr. 

9 

Apr. 

9 

Apr. 

4 

May 

17 

Mar. 

18 

Mar. 

8 

Mar. 

18 

Apr. 

10 

Apr. 

9 

Mar. 

14 

Fob. 

8 

Mar. 

11 

Mar. 

U 

Mar. 

24 

Mar. 

24 

Mar. 

24 

Apr. 

9 

Apr. 

9 

Mar. 

11 

Feb. 

6 

(») 

Apr. 

7 

Apr. 

8 

Apr. 

6 

Apr. 

6 

Apr. 

6 

Apr. 

6 

Mar. 

14 

Apr. 

7 

Apr. 

1 

Apr. 

1 

Fob. 

5 

Feb. 

8 

Apr. 

7 

Apr. 

5 

Jan. 

80 

Jan. 

24 

Apr. 

8 

Apr. 

9 

Apr. 

8 

May 

1 

Apr. 

9 

May 

17 

Apr. 

8 

Apr. 

9 

May 

17 

June 

4 

Districts  and  stations. 


May  17 


Lower  Lakes— Continued: 

Oswego,  N.  Y 

Rochester.  N.  Y 

Brie,  Pa 

Cleveland,  Ohio 

Sandusky,  Ohio 

Toledo,  Ohio 

Detroit,  Mich 

Upper  Lakes : 

AlpenajMioh 

EscanalMs  Mich 

Grand  Haven,  Mich 

Mackinaw  City,  Mich 

Marquette,  Mich 

Port  Huron,  Mich 

CWcago,IU 

Milwaukee,  Wis 

Dnluth,  Minn 

Upper  Mississippi  Valley: 

Saint  Paul,  Minn 

La  Crosse,  Wis 

Davenport,  Iowa 

Des  Moines,  Iowa 

Dubuque,  Iowa 

Keokuk,  Iowa 

Cairo,  111 

8prinffleld,Ill..« 

Saint  Louis,  Mo 

Missouri  Valley; 

Lamar,  Mo '... 

Leaven wortii.  Kans 

Omaha,  Nebr 

Valentine,  Nebr 

Huron,  Dak 

Sully,  Fort,  Dak 

Yankton.  Dak 

Extreme  Northwest: 

Moorhead,  Minn 

Saint  Vincent,  Minn 

Bismarck.  Dak 

Bnford,  Fort,  Dak 

Totten.  Fort,  Dak 

Northern  Slope: 

Asainaboino,  Fort,  Mont. 

Benton,  Fort,  Mont 

Custer,  Fort,  Mont 

Helena,  Mont 

MJ^rinni8.  Fort,  Mont.... 

Poplar  River,  Mont 

Sliaw,  Fort,  Mont 

Dcadwood,  Dak 

(*hoyenne,  Wyo 

North  PUttOfNebr 

Middle  Slope: 

Denver,  Colo 

Pike's  Peak,  Colo 

West  Las  Animaa,  Colo. . 

Concordia,  Kans 

Dmlge  City.  Kans 

Elliott.  Fort,  Tex 

Southern  Slope: 

Sill.  Fort.  Ind.  T 

Abilene.  Tex 

Davis,  Fort;,  Tex 

Stookton^ort,  Tex 

Stanton,  Fort,  N.  Mex . . . 


Dates. 


May 
May 
May 
Apr. 
Apr. 
Apr. 
May 

June 

Juno 

June 

Juno 

May 

June 

May 

June 

Juno 

May 
May 
Apr. 
May 

A 

May 

Anr. 
May 
Apr. 

Apr. 
Apr. 

(»> 
May 

May 
June 
Ma^ 

June 
June 
May 
May 
June 


18 

17 

17 

9 

9 

9 

17 

9 
18 
18 

8 
25 
19 
21 

8 

8 

1ft 

10 

8 

1« 

16 
8 

16 
6 

7 
7 

15 
6 
3 

10 

6 

7 

15 

14 

7 


16 
18 


May 

May 

Apr.  29 

May    9 

May 

May 

May 

May 

May 

May 


14 
15 
14 
16 
15 
14 


May 

A 
Apr. 
Apr. 
May 
Apr. 

Apr. 
Apr. 
Mar. 
Apr. 


15 

29 

29 

15 

7 


6 
6 
9 


I  Fitwt  each  month. 


*  Na  frost  reported. 


■  No  reliable  reMid. 
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APPENDIX    52. 

Average  eloudinesSf  scale  o/O  to  10,  at  etations  of  the  Signal  Service,  United  States  Army, 
for  each  month  and  the  year  ;  computed  from  the  commencement  of  obeervaOone  at  each 
to  December,  1885,  inclusive,  from  the  tri-daily  telegraphic  observations, 

[The  monthly  averaf^e  in  obtained  by  dividing  the  sums  of  the  amount  of  clondlneas  recorded  daUy 

by  the  number  of  obeervationB  taken.] 


Districts  and  stations. 


New  lEngland : 

Easnort,Ke 

Portland.  Me 

Mount  Washington,  N.  U . 
.    Boston,  Mass 

Block  Island,  K.  I 

New  Haven,  Coim 

New  London,  Cunu  

Middle  Atlantic  States : 

Albany,  N.  T 

New  "Jfork  City 

Philadelphia,  Fa 

Atlantic  City,  N.  J 

Bamesat  Citv.  N.  J.  ■ 

Cape  liay,  N.  J.» 

Sandy  Hook,  N.J 

Baltimore,  Md 

Washington  City 

Cape  Henry, Ya. 

Chinooteague, Va.  ....... 

Lynchburg,  Ya 

Norfolk,  Ya 

South  Atlantic  States : 

Charlotte,  N.  C 

Uatteras,  N.  C 

Kitty  Hawk,  N.  C 

Macon,  Fort,  N.  C 

8mithvUle,N.  C 

Wilmington,  N.  C 

Charleston,  S.  C 

Augusta,  6a 

Savann^  Ga 

Jacksonville.  Fla 

Florida  Peninsula : 

Cedar  Keys.  Fla 

Key  West,  Fla 

Samord,  Fla 

Eastern  Oulf  States: 

Atlanta,  Ga 

Penaaoola,  Fla 

Mobile,  Ala 

Montgomery.  Ala 

Yicksburg.  ^iss 

New  Orleans,  La 

Western  Gulf  States : 

Bhreveport)  La 

Fort  Smith,  Ark 

Little  Rook.  Ark 

Galveston,  Tax 

Indlanola,  Tex 

Palestine,  Tex 

San  Antonio,  Tex 

Bio  Grande  Yslley ; 

Brownsville,  Tex 

Rio  Grande  City,  Tex 


t 
3 

a 


5.G 
4.0 
0.2 
5.4 

5.4 
fill 

5.0 
.5.7 
5.5 
5.0 
6.7 
5.1 
5.5 
5.0 
0.0 
5.0 
CO 
.'>.2 
5.4 


0.4 
5.0 
5.4 
0.2 
5.4 
5.4 
5.0 
5.1 
5.1 
4.0 

4.5 
4.2 
5.4 

0.1 
5.8 
5.4 
0.2 
5.8 
5.3 

&0 
4.0 
5.0 
6b5 
5.4 
5.0 
S.2 

5.8 
5.4 


6.4 
4.7 
5.0 
4.8 
4.7 
4.0 
4.0 

.•xO 
5.1 

a.  2 

5.4 
5.4 
4.0 
5.2 
5.3 
5.0 
5.1 
5.1 
4.8 
5.3 

5.2 
4.0 
4.0 
5.U 
4.8 
&2 
4.0 
4.8 
4.8 
4.0 

3.0 
3.5 
4.2 

5.3 
4.8 
5.0 
5.4 
Su4 
5.0 

5.5 
5.7 
5.0 
5.4 
5.0 
5.5 
5.3 

5.7 
4.0 


• 

t 

OlO 

• 

1 

5.8 

i 

t 

5.0 

0.1 

6.8 

5.5 

6.4 

5.3 

4.0 

4.7 

0.3 

0.1 

5.7 

5.8 

5.0 

5.5 

5.5 

6.2 

4.0 

5.0 

5.0 

4.4 

4.0 

3.0 

4.0 

5.4 

6.4 

5.1 

4.7 

4.8 

6.1 

5.1 

4.0 

4.4 

4.0 

0.0 

5.8 

5.2 

4.8 

4.0 

5.4 

5.4 

5.0 

4.7 

4.8 

6.5 

5.3 

4.0 

4.7 

4.0 

5.7 

5.4 

4.0 

4.5 

4.7 

5.0 

5.4 

4.0 

4.7 

4.7 

5.0 

4.0 

4.1 

4.1 

4.8 

6.4 

5.5 

4.7 

4.4 

4.6 

5.4 

5.S 

4.0 

4.0 

4.0 

5.5 

5.4 

4.0 

4.0 

4.0 

5.1 

5.1 

4.4 

4.4 

4.7 

5.0 

5.0 

4.0 

4.0 

4.0 

4.8 

4.8 

4.4 

4.8 

4.0 

5.1 

5.1 

4.8 

4.8 

4.8 

5.1 

5.2 

5.0 

5.1 

5.0 

4.0 

4.8 

4.4 

4.7 

4.3 

4.0 

4.0 

4.3 

4.3 

4.5 

4.0 

5.2 

4.0 

5.3 

4.5 

4.5 

4.5 

3.8 

4.4 

4.5 

4.0 

4.0 

4.0 

4.0 

5.0 

4.2 

4.2 

4.1 

4.8 

4.7 

4.0 

4.5 

4.1 

4.7 

4.5 

4.3 

4.4 

4.3 

4.0 

4.7 

3.0 

4.1 

4.1 

4.7 

4.1 

3.7 

3.5 

3.8 

4.8 

4.6 

2.0 

3.1 

4.8 

4.0 

4.0 

4.2 

3.5 

4.2 

&5 

4.0 

4.0 

4.8 

4.0 

5.1 

4.G 

4.3 

4.7 

4.4 

4.5 

4.7 

4.7 

4.8 

4.3 

4.8 

4.0 

4.7 

4.8 

4.4 

6.0 

4.0 

4.0 

4.5 

4.3 

4.0 

4.2 

4.0 

6.0 

• 

4.0 

4.5 

4.0 

5.2 

5.0 

4.7 

4.5 

4.1 

5.1 

5.2 

4.7 

4.3 

4.1 

6.2 

4.0 

4.7 

3.8 

8.0 

6.2 

4.0 

4.8 

4.0 

3.0 

6.6 

6.0 

6.0 

3.0 

3.7 

S.3 

6.0 

5.0 

4.2 

4.1 

5.0 

4.7 

5.3 

4.3 

4.4 

5.8 

5.4 

4.0 

8.8 

8.7 

5.2 

4.2 

4.3 

3.4 

2.0 

J 

m 

1 

• 

1 

§ 

8" 

1 

a 

1 

a 

m 

5.6 

y* 

Q 

5.2 

6.3 

6.1 

4.0 

.M 

6.1 

5.3 

6.0 

6.8 

Oil 

6.0 

4.0 

4.0 

5.2 

6.5 

4.4 

4.7 

6.2 

6.6 

4.0 

4.6 

6.0 

6i5 

4.5 

4.5 

4.0 

6.1 

4.0 

5.7 

6.8 

7.1 

4.5 

4.7 

5.2 

5.6 

4.4 

4.5 

6.0 

5.0 

4.0 

4.5 

5.2 

6.6 

4.7 

4.6 

6.1 

6.6 

4.0 

3.0 

6.1 

6.1 

4.7 

4.5 

4.0 

6.6 

4.0 

4.5 

4.0 

&3 

4.6 

4.7 

5.1 

6.7 

4.5 

4.2 

0.0 

6.8 

3.8 

4.4 

4.6 

5.1 

4.2 

3.0 

4.5 

4.7 

4.7 

4.2 

4.8 

4.0 

4.7 

4.6 

4.6 

5.1 

4.4 

4.5 

6.1 

5.1 

4.5 

4.4 

4.0 

6.1 

4.0 

4.1 

4.6 

5.0 

4.6 

4.2 

4.5 

4.7 

6.0 

4.1 

4.0 

6.0 

4.8 

3.7 

4.8 

4.6 

4.6 

3.8 

4.7 

4.8 

4.0 

4.1 

4.6 

4.6 

4.7 

4.3 

4.6 

4.6 

8.7 

3.8 

8.8 

4.0 

6.2 

4.6 

4.U 

4.1 

6.0 

4.5 

4.5 

8.8 

4.8 

4.4 

4.7 

6.2 

4.2 

4.2 

4.7 

6.0 

4.5 

4.0 

4.6 

6.0 

4.6 

4.3 

4.8 

6.5 

4.6 

3.8 

4.7 

5.8 

4.6 

4.1 

4.8 

6.4 

8.8 

3.0 

4.6 

6.8 

8.0 

4.4 

4.4 

S.0 

3.7 

4.0 

4.6 

6.0 

4.1 

3.7 

4.6 

6.2 

8.0 

8.7 

4.6 

S.4 

4.0 

4.1 

4.6 

5.1 

4.0 

4.1 

4.7 

5.0 

4.7 

4.8 

5.4 

6.6 

3.8 

4.2 

4.3 

4.6 

1  Statkm  elesed  December  31, 1885. 

30  si» 


5.0 
4.4 

616 
4.6 
4.4 
4.8 
4.6 

5.1 
4.0 
4.7 
4.8 
4.7 
4.7 
4.5 

6.0 
4.0 
6.1 
4.7 
5.0 
5.1 

5.1 
5.1 
5.2 
5.3 
4.0 
5.4 
5.0 
6.0 
5.1 
4.4 

4.0 
6.0 
4.3 

5.2 
4.0 
4.8 
4.0 
4.0 
4.7 

3.6 
4.1 
3.5 
4.1 
3.7 
8.6 
4.0 

4.5 
4.1 

'Station  closed  October  31, 1885. 


i 
I 


6.7 
&o 

&0 
6.1 
4.7 
6.0 
4.7 

6.6 
5.1 
5.0 
6.1 
6.1 
4.6 
6.0 
6.1 
5.2 
4.0 
4.7 
4.6 
4.0 

5.1 
4.8 
4.8 
4.0 
4.6 
4.0 
4.5 
4.6 
4.6 
4.4 

4.0 
4.2 
4.2 

5.0 
4.7 
4.7 
4.0 
4.6 
4.8 

4.7 
4.7 
4.6 
4.6 
4.6 
4.8 
4.4 

4.0 
4.1 


480 


REPORT   OF   THE   CmEF   SIGNAL   OFFICER. 


Average  doudineaa,  $cale  of  0  to  10,  at  atatioHe  of  the  Signal  Service,  #*€. — Contiuaod. 


DUtriota  and  atatioiis. 


Ohio  Valley  and  Tennessee: 

Chattwifioga,  Tenn  . 

KnoxvUle,  Tenn 

Memphis,  Tenu 

Nashville,  Tenn 

Louisvillo,  Ky 

Greencaetio,  Ind  — 

Indianapolis,  Ind . .. 

(Cincinnati,  Ohio.... 

Colambus,  Ohio 

Pittsburg,  Pa 

Lower  Lakeit : 

Buffalo,  N.Y 

Osirego.N.  Y      .... 

Kochestor,  N.  Y 

Erie,  Pa 

Cleveland,  OMo 

Sandusky,  Ohio 

Toledo,  Ohio 

Detroit,  Mich 

Upper  Lakes : 

Alpena.  Mich 

Escanaba,  Mich 

Grand  llavon,  Mich 

Mackinaw  City,  Mich 

Marquette,  Mioh  ... 

Portllomn,  Mich  .. 

Chicago,  111 

Milwaukee,  Wis 

Duliith,  Minn 

Upper  Mississippi  Valley 

Saint  Paul,  Minn 

La  Crosse,  Wis 

Davenport,  Iowa 

Dea  Moines,  Iowa  . . . 

Dubuque,  Iowa 

Keokuk,  Iowa 

Cairo,  III 

Springfield,  III 

Saint  Louis,  Mo 

Missouri  Valley : 

Leavenworth,  Kans.. 

Omaha,  Nebr 

Bennett  Fort,  DakJ  . 

Hnron.Dak 

Yankton,  Dak 

Extreme  Northwest : 

Moorbead,  Minn 

Saint  Vincent^  Minn. 

Bismarck,  Dak 

Buford,  Fort,  Dak 

Tutten,  Fort,  Dak 

Northern  Slope : 

Assinaboine,  Fort,  Mout 

Benton,  Fort,  Mont . . . 

Caster, Fort, Mont  ... 

IIelena»  Mont 

Ml^;inni8,  Fort,  Mont . 

Poplar  River,  Mont. . . 

Shaw,  Fort,  Mont 

Deadwood,  Dak 

Cheyenne,  Wyo 

North  Flatto,*Nebr  . . . 
Middle  Slope: 

Denver,  Colo 

Pike's  Peak,  Colo 

West  Las  Animas,  Colo 

Dodge  City,  Kans . . . 

Elliott,  Fort,  Tex  .... 
Soatbem  Slope : 

SlU,  Fort.  Ind.  T 

Concho.  Fortt  Tex.*  . . 

Davis,  Fort  Tex 

Stockton, Fort,  Tex.. 
Soatbem  Plateau: 

8antaF6,N.Mex.... 

£1  Paso,  Tex 

Apache,  Fort,  Ariz.. . 
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4.0 
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4.0 
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4.0 
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8.7 
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6.0 
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4.6 
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8.6 
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3,7 

4.6 

3.4 

2.8 
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4.0 
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4.9 
5.4 
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6.4 
6.0 
6.1 
6.6 
6.4 
6.5 
5.1 

6.1 
6.4 
6.6 
6.4 
6.6 
6.1 
6.2 
6.5 
6.1 

5.1 
5.0 
6.0 
4.9 
5.6 
4.5 
4.3 
4.5 
4.0 

4.1 
4.2 

4.7 
6.1 
4.3 

5.5 
5.7 
4.7 
&4 
4.4 

4.6 
6.3 
4.7 
4.3 
4.8 
4.1 
4.5 
8.8 
8.7 
4.1 

8.4 
8.6 
8.3 
8.2 
8.4 

8.5 
4.4 
3.3 
2.8 

3.6 
2.9 
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6.6 
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7.8 
7.8 
7.3 
6.6 
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&4 

7.3 
7.2 
7.4 
7.0 
7.3 
6.0 
5.9 
6.4 
6.3 

5.8 
6.9 
5.8 
4.8 
6.1 
5.4 
5.6 
5.0 
&3 

4.6 
4.6 
4.6 
4.5 
4.3 

6.8 
6w9 
5wl 
6.5 
5.4 

4.9 
5.8 
4.6 
4.8 
&1 
4.4 
4.6 
4.0 
3.6 
4.1 

8.3 
8.4 
8.0 
3.7 
3.0 
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8.9 
8.2 
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3.1 
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2.8 
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1  Station  dosed  November  30, 1886. 


*  Station  dosed  September  15^  1885. 
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Average  cloudineae,  scale  of  0  to  10,  at  8iation$  of  the  Signal  Service,  ^c— Continued. 


J)iatriot8  and  BtationB. 


Sonthem  Plateau— Coiit*d : 

Grant,  Fortt  Ariz 

Presoott,  Ariz 

Thomas,  Fort,  Ariz 

ITimiAi  Ariz.............. 

Middle  Plateau: 

Winnemucoa,  Nov 

Salt  Lake  City,  Utah . . . . 
Northera  Plateau : 

6ois6  City.  Idaho ...:.... 

Lewiston,  Idaho* 

Dayton,  Wa*h« 

Spokane  Falls,  Wash 

Korth  Pacific  Coast: 

Cauby,  Fort,  Wash 

Olympla^Wash 

Tatoosh  island.  Wash .... 

Portland,  Orof; 

Rosebnr}?,  Oreg 

Middle  Pacific  Coast : 

(y'ape  Mendocino,  Cal 

Kcd  Bluff,  Cal 

Sacramento,  Cal 

San  Francisco,  Cal 

Sooth  Pacific  Coast : 

Los  Angeles,  Cal 

San  Diego,  Cal 

Alaska  Stations : 

Saint  Michael's,  Fort 

Sitka 

Unalashka 

Behring's  Island,  Behring 
Sea. 
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1  Station  closed  December  31, 1885. 


*  Station  closed  November  30, 188& 
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APPENDIX  53. 


DiaUicta  and  tCatlDai 


Vev  Eogluid: 

Eutpon,  He 

Fori&^i.Ue 

Hannt  WiahlnElon,  ;K.  £ 

Ballon.  Uua 

Utock  Uud.  R.  I 


UMaiD  A  UodUq  KtaMa : 

Albany.N.  Y 

Now  York  CitT 

Pblladelphla,  P> 

AtlontioCity.N.  J 

Binwrat  Cilv,  N.  J 

CsimUb;.  M,J' 

Sandy  Hook.  N.  J 

Slllimu»,Md 

WMhinaton  City 

Cape  Ilvnry,  Vt -...„. 

(JblDcolHgoa.  Vu 

LjBohbnnr,  Vm j 

iforfolk.V« 

South  AUutio  SUM* : 

CburloUfl,  N.C 

Il»t4i!m»,  N.  C 

Kilty  U.i.k,  N.  C 

Uacon.Fort.If.  C 

BnilthTilla,K.C 

WilmliiBlra.il.  C 

ChwIeeM^C 

BanumA,  6a 

J>okMniTlll&  Fla 

FlorMa  Panliwnlft: 

Cedu' Keya.  Fla 

Koy  We*t,na 

Saofbnl.FIa 

EulsrnQnir&IUaa: 

AUaDta,aa 

PeDucaU,  Fla 

Mobile,  Alo 

Unntjiomerv.  Ala 

Vlokiburg,  MlM 

VovOriuDB.La 

Weolivn  Qalr  HtaUa : 

flbteitport,  I* 

Fort  Smith,  Ark 

LItUe  Book,  Ark 

tiilvoatan,Tex 

Inilluola,  Tei 

P>leatliie,Tei 

San  Antoala,res 

Rio  Grude  VtUev: 

BKnnuTtUo,  Tei 

Rio  Onuds  City.  Toi 

Ohio  TaUoy  ud  Tenneoace ; 

CbaMaoooca,  Tenn 

KnoiTtlla.  T«DD 

'  BlatloD  cloa^  Ootober  31,  itU. 
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MunpItU,  _  „„ 
MuhvlHs.  Teni 
LoaUvlUb  Kf . 


UfLireea,  N.  T 

KochHtor.N.X 

ErU\PB 

ClavBland,  Ohio 

HMilMkir,  Ulilo 

TDleda,f)hia 

Uotrolt,  Uldi 


Mar.kioiivUltT.UtDh. 

Uaranctla.  Ulrh, 

Pi>n[Inma,Uioli 

■:hic«jHi.  Ill    

HllnukM.Wi* 

QDlDth.Ulnn 

(Tjiper  MlMiHiptil  Vollay. 


8iUnt 


tk^kT^n*. '. 


fialnt  UdIh 

Ui>MHHiri  Tkllny: 

L«avmiirni4k,  Enu 


Totten.  Fort.  Uak . . 
K-irvhurn  Ulupe: 

AiiriniLbornc^  Fort,  Uont. 

Benton,  Fort,  Mont 

■  Ouiitor,  Fort,  Mont 

UulenmUont 

Mmfflnnlii.  Fort.  UoDt 

PodIbT  Rtvar.  UoDt 

Show,  Fort,  »fon( 

DeadvoodTDsk 

ChevenD^Wyo 

NorihPlktt^  Nebr 

MIiMIs  Slope: 

Di-UTer.Colo 

Piko-t  Fmk,  Colo 

Went  LuAnlmu,  Cola. 

IlnilRnCJty,  £an> 

Ellloil,  Fort,Iei 

SoDlhcni  Slapni 

»ill.  Fort.  Inil.  T 

Concho.  FortToi.' 


ApBclio.  Fort,  Aril 

Qnut,  Fort,  Aril 

>  BtMion  olOMd  troTembec  30, 1885. 
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5,; 

D.4 

8.l'l2.212.7 

7.7 

10.8 

lilcs 

13.7 

io 

la!  8 

0.4 

13.2 

1.8 

a!2 

7.211.112.7 

8.7 

1S.5  G.I 

11.4 

12.1 

4.8 

18.0 

0.0 

0.1 

12.3 

2.2 

8.6 

10.7 

11.8  7.6 

8.8 

11.010.2 

4.4  6.1 

S.2 

13.2 

0.2 

&< 

10.0 

13.4   0.'i 

7.5l*.0 

iti 

6.! 

3.3 

4.4 

11.0 

ia 

li'ii^ 

10.1 

1S.«   ».' 

8,2   4.R 

13.8 

12!« 

1.1.1 

8.2 

12.0 

10.4 

4.0^8.0 

8.6 

12.7 

2.1 

11.8 

10.7 

lislo.! 

S.! 

14.2 

7..     7.8 

17.1 

8.1 

10.4 

18.  S 

0.8 

4.1 

5.8 

8.    13.0 

8,8 

6.. 

10.0   0.( 

7.3 

lao  7.8 

».! 

1S.8 

5.2:     8.2 

4!« 

1U.8 

6.0 

13.1 

1B.7  0.0 

7.' 

1«.| 

1 

«.; 

IS.: 

13. 

4. 

%.■ 

G.2 
4.8 

10:   li: 

8.; 

»!' 

12!b  e.( 

18.!   8. 

8!l 

7.( 

14.8   8,0 
10.0  7.0 

S.0 

w:S|  It 

3.B 

b!o 

4.0 

«!( 

i3.y.s 

W.7 

2. 

0.0   12.. 

10.. 

g 

15.7 

12.7 

12.  S 

12.; 

4.8 

10.712,7 

8.; 

4.2  7.1 

a.; 

14.0!  7.8 

8.1 

a.' 

6.0 

8.112.0 

11. 7|  1 1.1 

a! 

5.8,  10.1 

4.1 

lai^ 

2.8 

13: 

'■' 

10.2112.. 

«;4 

a< 

13.111.8 

fl.O,  13,1 

8.; 

2.1 

8.' 

5.0 

B.. 

15.8   0.6 

ri 

6.817.4 
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'oiBH:; 

8.0 
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In!  i^i 

o!f 

0.! 
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a!i 
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U. 
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«. 
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12.' 

7.' 

0. 
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15.0^10.8 

4!. 

0.<l   0.1 
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ll 
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0.4 

3.  e' 1.^8.0. 
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a! 
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8.S  10.7 

11.  ol  a.  5 

14.  ■ 

11.      4.8]  11.8 

1:1! 

«. 

10: 
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14.2,11.2 
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u 
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June. 


o 


23.8 
20.2 
28.5 

15.6 
14.7 

1L5 

10.6 

9.5 

&2 

1.0 
5.8 
1.5 
6.8 
10.0 

10.3 
23.0 
24.8 
12.0 

0.2 
0.6 

4.6 

as 

.  8. 
0.0 
1.8 


5.2 
&2 
8.0 

12.0 
12.2 

13.0 
13.0 
14.0 
14.2 


14. 
11.0 
18.0 
9.7 
10.2 

15.7 
5.0 
4.1 

11.3 

15.8 

i&a 


7.5 

la 

0.01 

ao 

5.7 


1.0 
L6 
0.5 

2.5 
8.1 

4.6 
0.5 
6L5 
7.6 


514. 


6 

12.6 

15.5 

18.5 

9.8 

4.0 
2.0 
1.1 
6.7 

5.0 
&1 

18.0 
8{l6.4 
16.0 
23.4 
23.0 


Jnly. 


I 


16.5 
12.5 
218 

24.4 
16.2 

18.4 
17.5 
17.8 
14.0 

4.5 
10.8 

7.0 
14.5 
17,4 

12.7 

27.8 

29.3 

8.3 

12.8 
8.8 

2.0 
3.1 
3.2 
0.8 
1.0 


ix 
A 


11.8 

14.7 

7.4 

6.0 
12.8 

11.2 
10.8 
10.4 
12.0 


IS. 

18.8 

14.5 

ai 

10.0 

10.3 
3.1 
1.6 

15.3 

17.0 

ia6 
ao 

7.2 

as 

7.4 

la 


§ 


2.7 

as 

0.8 
0.6 

as 

L4 

a7 
as 
ao 


oia 


5 

a  9 
as 
a  4 
a  6 

ao 
ai 
ai 

7.4 

as 
ai 

21.0 
20.7 

lao 

218 
0 


02a 


August. 


5 


14.61 

ia7 

21.0 

2a7 
lao 

21.8 
217 
215 
2L4 

11.5 
112 
110 

ia4 

20.6 

2ao 

2a7 

29. 

ao 

las 
ao 

ao 

10 
7.3 
14 
1.0 


14.0 

ia7 
a2 

4.6 
110 

ao 

7.0 
7.7 

a2 
lao 

118 

lao 

19 

a4 

7.0 
12 
1.4 

lai 

13.4 

lao 

lao 
as 
as 
a 

7.3 


14 
16 
1.8 

a  7 

ai 

1.2 
1.8 

as 

1.4 
4.5 

ao 
ao 
a7 

10 
1.0 

a 
a 
ao 

1.1 

4.2 

lao 

215 

14.2 

.0 

217 


620, 


September. 


m 

I 


24.1 
20.5 
2a  2 

216 
17.6 

17.0 

las 

14.4 

la 


8ia 


as 
a4 

4.0 
1L9 

las 

ia2 
2a4 
2ao 

110 
17.6 

111 
ao 

10 
7.8 

a  7 

10 


4.7 
7.5 

as 

as 
a  7 

ao 

17 
11.8 
6 


11.4 
115 
11;  5 

lai 
ai 

as 
as 

3.6 
115 

11.2 
110 

as 

7.9 
7.5 

ao 

1L8 


-s 

p 


October. 


1.2 
10 

as 
11 

18 

4.1 
18 

as 
as 

as 
11.1 

14.5 

ao 
as 

18 

a  8 
a4 

4.5 

1.2 

4.0 

16«5 
20.1 
15.2 
24.3 

ia7 


4> 


23.7 
22.4 
21.4 

113 

lao 

110 

lao 

117 
16 

ia7 

4.0 

ao 

7.8 
7.9 

14.2 
21.4 

2ao 

14.9 


17.9 
11 


ao 

16 

ao 

1.3 

ao 


ai 
a  6 
ai 

ai 

U.8 

las 
las 

11.8 
11.2 

11.7 
1L7 
11.8 

as 
las 

lis 

7.1 

a  91 

1L9 

las 

8 


611 


I 


NoYMuber. 


1.2 
10 
0.5 

16 
12 

7.2 

as 

15 
1L2 

as 

14.4 

1L7 

13.4 

a  6 

4.0 
15 
11 
4.2 

15 

ai 


laGias 

9.2112 


as 
a7 

117 


117 
23.0 

lis 


s 


I 


211 
20.2 
22.5 

14.0 

las 


15 
7.8 

as 

11.0 
U.0 


iaiio.9 

7. 8  la  8 


14 
4.4 

as 
11 

10 

ai 

17 

as 

112 
18.0 
14.1 

114 
13.6 

10 

as 

3.3 
1.0 

as 


las 

114 

ao 

17 

7.7 

9.0 

114 

113 

ao 

ao 

lao 

ao 

115 
7.0 

ai 

7.3 

a7 
as 


1 


1.4 
10 
1.2 

ao 

8.5 

10 
1L4 

0.8 
112 

17.7 

ia2 

20.3 

lao 

119 

ai 
as 
ai 
ao 

17 

ao 
lao 

14.2 
114 
213 
2L4 


December. 


116 
17.2 
21.2 

110 
13 

7.3 
12 

as 

14 

ao 
1 

4.0 
4.3 
12 

10 
118 
11 
112 

17.6 
111 

7.0 
17 
17 
1.0 

ao 


16 
9.3 
7.6 


I 


10 
4.5 
12 


119  7.1 
110117 

1714.0 
16112 


13 
1L4 


114 
14.2 


1L7U.3 
1020.8 
a  7111 3 
7.8119 

10.917.0 


117 
9.4 


113 
18 


7.9111 
11   17 


14 
1L4 


11 

as 


1514.5 

a  an.  8 

9.11112 

10;22.0 

IL  0  20. 0 


*  Station  closed  September  15^  1881        *  Station  closed  December  31, 1885.         *  Beoord  incomplete. 
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APPENDIX  54. 

Datea  of  closing  of  navigation  on  the  lahea  and  rivers  at  selected  staUons  of  the  <St> 


Stfttioiw. 


Albaoj,  N.  T 

Alpena,  liioh 

Baltimore.  Md 

Benton,  Fort,  Mont. 

Blsmarok,  Dak 

BnffiUo.  N.  Y 

Bnford.  Fort,  Dak.. 

Cairo,  III 

Cairo,  111 

Chattanooffa,  Tonn . 

Chicago,  111 

Cincinnati.  Ohio  ... 

Oieveianct,  iinio 

Coster,  Fort,  Mont. 

Davenport,  Iowa 

Detroit,  Mich 

Dnhnque.  Iowa 

Dnlnth,  Minn 

Erie,  Pa 

Eaoaaaba,  Mich 


Keoknk,  Iowa 

La  CroBse,  Win 

Leavenworth.  KanH 

LoaiAville.  Ky 

Mackinaw  City,  Mich 

!^rqnette,  Mich 

Milwaukee,  \Vi» , 

Moorhead,  Minn 

Naehville,  Tnnn 

Omaha,  Nehr , 

Oswego,  N.  Y 

PittsbarR,  Pa 

Poplar  River.  Mont 

Port  Hnron,  Mich 

Rochester  (Charlotte).  N.  Y. . 

Saint  Lonin,  Mo 

Saint  Paul,  Minn 

Saint  Vincent,  Minn.  • 

Sandnsky,  Ohio 

Snlly,  Fort.  Dak 

Toledo,  Ohio 

Yankton,  Dak    t 


Lakes  or  river*. 


Hndson  River 

LakeHnmn 

Patapsco  River 

Missouri  River 

do 

Lake  Erie 

Missoari  River... 
Mississippi  River. 

Ohio  River 

Tcnneiyiee  River.. 
Lake  Michigan  — 

Ohio  River 

i..<i«o£iie 

Bie  Horn  Rivor... 
Mlssissffini  River. 

Detroit,  mvpr 

Mississippi  River. 

Lake  Saperioc 

LakoErie. 

Little  Bay  do  No- 

qaette. 
MiHsissippi  River. 

do 

Missouri  River.'. . . 

Ohio  Rivor 

Mackinaw  Straits. 

Lake  Snperior 

Lake  Michigan.... 

Red  River 

Cnmherland  River. 
Missoari  River. . . . 

T^ko  Ontario. 

Monongahela  Rivoi 
MLtsonri  River  . . . 

Lake  Huron 

Lake  Ontario 


Mississippi  River. 

Red  River 

Lake  Erie 

Missouri  River  . . . 

Lake  Erie 

Missoari  Rivor. . . . 


KAVIOATION  CLOflBD. 


1871. 


Nov.  29 
Deo.  10 

(') 


Dec.  27 


('» 
(») 
(«l 

(») 
Dc<;.   21 
Dec!    11 


Dec.     5 

(') 
Nov.  14 
Dwj.     (i 


1872. 


Dec.   10 
Dec.   11 


Dee.    II 
Deo.  18 


(») 

Dec. 
Dw. 


22 
14 


Nov. 

20 

(') 

Nov. 

18 

Nov. 

24 

Dec.     G 


Dec. 
Nov.  ^* 

(*) 


4 


Nov.  22 


(') 


Dec.     2 

(«) 


Nov,  30 

(') 
Nov.  29 

Nov.  20 
Nov.  13 
Dec.     7 


Deo.    4 


Nor.  30 

Dp«%     4 
Nov.  22 

(-) 


Nov.  2.'» 

n 


(') 


Di'C.     V, 


Nov.  2.S 

{*) 
Nov.  2!» 

Nov.  J  2 
Oct,  L'8 
Nov.  30 


Nov.  29 


187X 


Nov.  26 
Dec.     5 


Dec     5 
Nov.  28 


Dec. 
Dec 


13 
12 


Dec.   28 

(») 
Nov.  ID 
Nov.  25 
Doc   15 
Nov.  24 

(») 
Nov.  27 

(») 
(») 


1874. 


Dec   15 
Dec     8 


Nov.  17 
Dec     5 


Dec     1 

Dec     1 

Jan.  11,  Vo 

Dec  15 


Nov.  22 


C> 


Dec     1 


Nov.   10 
(«) 

J  .ill.  14,74 

Nov.  ir» 

Nov.     7 
N»v.  2D 


D<v. 


5 


Nov.  30 
Dec  17 
Nov.  21 
Doc  9 
Dec  15 
Nov.  38 

Jan.     5 

Nov.  20 

Jan  &*75 

(*) 


Nov.  21 


Nov.  22 
Dec     4 


Dec  20 
Dec  17 

Dec  30 

Nov.  10 
Oct.  17 
Dec  12 


1875. 


Dec     1 
D«c  14 


Nor.  19 

11 


8 

Fet.  15 
(») 

I>ec   16 


Kov.  23  , 

(*)        . 
Kov.  10 
Deo.    2 
Dec  15 
Dec   11 

Kov.  27 
Kov.  22  . 
FebLi^TC- 
Jan.    12 


Kov.  24 


Kov.  23 
Dec     3 


Dec     9 
Kov.  26 


Dec  11  I 
Dec     3  ; 

rt    i 

Kov.  17  1 
Kov.    4 
Jaii.l8,*76' 


Dec  10 
Kov.  21 


I 


>  Dsta  for  Pembina,  Dak.,  prior  to  September.  1880. 
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APPENDIX54. 

nal  Strviee,  United  States  Army,  for  the  yeare  specified  (1871  to  1885,  hoik  inelueM). 


NAYiaATIOH  CL06En. 


1876. 

1877. 

1878. 

1879.. 

1880. 

1881. 

1882. 

• 

1P8X 

1884. 

188& 

Dec     10 
Deo.      9 

Dec  29 
Jan.  5/78 

Doc  21 
Dec     7 

Dec 
Dec 

(•) 

21 
12 

Nov.  25 
Dec.   12 

Jan.5/ft2 
Jan.  1,'82 
(•) 

Dec     4 
Dec   10 

(«) 
Jan.   25 
Nor.  11 
Dec     1 
Nor.    6 
Dec     9 

(») 

Dec     7 

Dec  11 
Nor.  12 
Nor.  22 

(•) 
Nor.  21 

Dec  -4 
Dec     8 
Dec   10 

Dec     4 
Dec     8 
Jan.  9/83 

C) 
Jan.  14/83 
Nor.  27 

(») 
Nor.  11 

<») 
Dec     1 
Deo.    5 

(*) 
Dec  10 

Dec.     8 

Doc.     7 

Oct    19 
Nor.  11 
Doc     8 

Dec.   16 
Dec   19 

D«'c.   22 
Nov.  15 
Deo.     7 
Nor.    8 
Dec  20 
(») 

Dei%   15 

(») 
Dec  20 
Dec     8 
Dec     2 
Dec     9 
Nor.  23 
Dec     4 
Dec  15 
Dec  15 

Dec  It 
Dec   18 
Dt>c  31 

Dec  22 
Nor.  28 

(») 
Nor.  17 

Dec  29 
Dec   11 

(») 

Jan.  5,  '84 
Dec.  12 

Dec.  19 

Nor.    6 
Nov.  11 
Dec.  15 

Dec  19 

Dec  17 

(») 

<*) 
Dec   14 
Dec     C 
Nov.    8 
Dec   IH 

(») 

(-•) 

<») 
Dec  25 
Dec  15 
Dec   17 
Nor.  22 
Doc   10 
Nov.  21 
Doc     1 
Dec  13 
Dec   18 

Dec   12 
Nov.  24 
Deo.   18 

(») 
Jan.  3/85 
Dec     5 

(•) 
Nov.  19 

^^ 
Doc   17 

Dot;.    It 

(*) 

<*) 
Nov.  13 

Dec  21 

Dec  19 

Nor.  12 
Nor.  22 
Doc  15 
Doc  16 
Dec  15 
Dec  14 

Dec     8 

Jan.8,'86 

C) 

Nov.    15 
Dec     17 

Nov.  29 
Dec  13 

Dec   16 
Dec     7 

Nov. 
Dec 
Nov. 
Doo. 
(») 

Dec 

Dec 

27 
14 

8 
18 

16 
24 

Nov.  18 
Dec     8 
Nov.  12 
Dec  27 
Doc  29 

(«) 
Nov.  30 
Doc,  29 
Dec   13 
Nov.  17 
Nov.  22 

Nov.  16 
Nor.  SO 
Doc   15 
Doc   19 

Nor.  18 
Nov.  19 
Dec.     6 
Doc  28 

Nov.  17 

Dec  30 

Nov.    9 

(") 

.(«) 

(•) 
Nov.  17 

(«) 
Dec   13 

(») 
Dec  29 
Dec     7 
Nov.  24 
Dec  27 
Dec   16 
Jan.  ],'82 

Dec  26 
Dec  31 
Dec  30 

Dec.      0 
Dec    25 
^or.     9 

Dec     31 
Doc     31 

(•) 
Dec       1 
Dec     18 
Doc     11 

Dec     5 
Dec  12 

Dec   23 

Dec  25 

(*) 

(») 
Dec   25 

Doc   15 

Dec     7 
Dec      9 

(») 

Dec    26 

Jnn  14/86 

Dec    2i< 

Dec    10 

Doc       1 

Nov.    26 
Doc      4 
Doc     10 
Dec      8 

Nor.    23 
Nov.    30 
Dec     81 
Dec       9 

Nov.  30 

Dec  23 
Dec     7 
Dec  15 

Jan.  5/78 

Doc  10 
Dec     2 
Jan.  4,78 

Dec   18 

Nov.  12 
Nov.  14 
Dec  15 
Doc  15 

Dec  20 
Doc   11 
Dec  18 
Doc  20 

Dec   14 

(») 
Nov.  23 
Nov.  29 
Dec  15 
Jan.  5, '80 

Dec  10 

Dec  I'i 

Dec   14 

(») 

Deo.      5 
Dec    12 
Nor.   18 
Nor.  29 
Dec    10 
Dec      8 

Dec      6 
Dec      7 

Jan.  7/86 
Fob.    18 

Jan.  C/86 

Nov.    26 

Nov.  28 

Nov.  26 

Nov. 

23 

Nov.  29 
(«) 

(«) 
Dec  2ft 
Dec     6 

Nov.  23 

(») 
Nov.  15 

Jan.  2/82 
Dec   11 

Doc.      2 
Nov.    25 

C) 
Nov.    24 

1)<M\         2 

Jan.     1 
Jan.  4.'7a 
Dec     G 

Dec.   18 

Dec.     8 

(•) 

Dec. 
Doc 

10 

1 

Dec      9 
Dee.    16 
<«) 

Doc     16 
Dec       I 

I>oc       2 

Nor.    19 
Oct.      10 
Dec       9 

Dec     0 
Dec  21 

Nov.  27 
Dec.     I 
Dec.  27 

Dec   15 
Doc.     1 

Dec   17 

Dec.     1 
Oct    30 
Dec   24 

Dec. 
Dec 

Dec 

Oct 

Nov. 
Doc 

14 
3 

18 

25 

2 

13 

Doc   10 
Deo.   19 

Nov.  18 

Nov.  10 
Nov.  12 
Nov.  19 

Nov.  21 
Dec.     5 

(») 

Nov.  18 
Nov.  13 
Jan.  1. '82 

Dec.    10 
Dec    15 
5Dec    10 
>Jan  9. '86 
Nor.    16 
Nor.    13 
Dec     7 
Dec      8 

Dec       5 
Nov.    15 

Dec  10 
Dec  24 

i)ec   Is 
Dec.  14 

Doc. 
Doo. 

15 
3 

Dec.     1 
Nov.  17 

Dec  27 
Nor.  18 

Dec. 
Dec 

16 
2 

Deo.   18 
Dec.  16 

Dec     7 
Dec     8 

s  NarlgaUon-anlnternipted. 


'  No  reliable  record. 
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APPE  N  DIX    55. 
DoUb  of  opening  of  naoigaHan  on  tke  IdkeB  and  rivers^  at  selected  etaiiane  of  the 


Stfttions. 


Albiujy,  N.Y 

Alpeuflk.  Mich 

Baltimore,  lid 

Benton,  Fort,  Mont. 

Bismarck,  Dnk 

Bnfflfclo.NY 

Bnford,  Fort,  Dak.. 
Cairo,  111 


Cairo,  III 

Cbattanoo;;a,  Tenn 

Chicago,  111 

Cincinnati,  Ohio  . . . 

Cleveland,  Ohio 

Caster,  Fort,  Mont 
Davenport,  Iowa  . . . 


Detroit.  Mich... 
Dubuque,  Iowa. 

Dnlnth,  Minn  . . 

Erie,  Pa 

Escanaba,  Mich 

Keokuk,  Iowa. . 


La  Crosse,  Wis 

Leavenworth,  Kana . . 

Loaisville,  Ky 

Mackinaw  City,  Mich 


Marquette,  Mich .. 
Milwaukee,  Mich. 
Moorhead,  Minn . , 
Nashville,  Tenn . . 


Omaha,  Nebr . 
Oswego,  N.  Y . 
Pittsburg.  Pa 


Poplar  Rivor,  Mont 

Port  Huron.  Mich 

Bochester  (Charlotte),N.  Y. 
Saint  Lonia,  Mo 


Saint  Paul,  Minn 

Haint  Vincent,  Minn.^ 

Snnduflky,  Ohio 

Sully.  Fort,  Dak 

Toledo,  Ohio 

Yankton,  Dak 


Lakes  or  rivers. 


Hudson  Kiver . 
Lake  Huron  . . . 
Patapsco  Biver 
Missouri  Kiver 

...do 

Lake  Erie 

Missouri  River 
Mississippi 

River. 

Ohio  River 

Tennessee  River 
Lake  Michigan. 
Ohio  River  ..... 

LakoEiio 

Big  Horn  River. 
Mississippi 

River. 
Detroit  River. . . 
Mississippi 

River. 
Lakn  Superior., 

LakoErie 

Little    Bay   do 
Noquotto. 
Mississippi 

River. 

...do 

Missouri  River . 

Ohio  River 

Maoki  naw 

Straits. 
Lake  Superior.. 
Lake  Michigan . 

Red  River 

Cumberland 

River. 
Missouri  River . 
Lake  Ontario  ... 
Monongahela 

River. 
Missouri  River . 
Lake  Huron .... 
Lake  Ontario... 
Mississippi 

River. 

..do 

Red  River 

Lake  Erie 

MisHonri  River . 

Lake  Erie 

Missouri  River . 


NAVIOATION  OPSySD. 


1871. 


Mar.  13 
Mar.  17 


Apr.    3 
Apr.    1 


Apr.    8 

.    <*> 
Mar.  10 


Feb.  25 

Mar.    8 
Mar.  13 

M.iy    i 


Apr.  11 

(») 

Mar.  13 

(») 

(») 
Apr.    2 

May    0 


1872.  , 


Apr.    8 
Apr.  17 


Apr.  15 
May    5 


(») 

(>) 

(") 
Apr.  28 
Feb.  20 
Mar.  10 


Mar.  23 

Apr.   4 
Apr.    3 

May  14 


(«) 


Apr.    4 


Mar.  16 

(«) 
Jan.  13 

Apr.  10 
Apr.  16 
Apr.    1 


Mar.  16 


Apr.  28 

Mar.  14 

Apr.    8 
Fob.  20 

(') 
Apr.  28 

May  13 
(♦) 


(') 


Apr.  13 


Apr.  12 

(») 
Fob.  24 

Apr.  23 
Apr.  20 
Apr.    1 


Apr.    0 


187S. 


Apr.  14 
Apr.  30 


Mar.  17 
Apr.  29 


0) 

(») 

May  1 
Feb.  4 
Mar.  11 


Mar.  15 

Apr.  7 
Apr.    1 

May  24 
Apr.  17 
May    1 

Mar.  10 

Mar.  19 

(=») 
May    1 

Mnv  21 


(«) 


Apr.    7 


Apr.  14 

Feb.  10 

Apr.  17 
Apr.  25 
Mar.  18 


Mar.  28 


1874. 


Mar.  21 
Mar.  20 


Apr.  13 
Apr.  18 


Dec  81 

Apr.  29 
Mar.  18 


Mar.  10 

Mar.  24 
Mar.  25 

May    4 

Apr.   4 
Apr.  30 

Mar.  28 

Mar.  28 
Feb.    1 

(») 
Apr.  29 

May  13 


H 


Apr.    2 


Har.  23 
Mar.  23 
Jan.  21 

Apr.  23 
Apr.  19 
Mar.   7 


Mar.  19 


1875. 


Apr.    8 

Apr.  19 

CO 


Apr.  17 
May  12 


Feb.  24 

Feb.  22 

Apr.  28 
Feb.  24 
Apr.   1 


Apr.   2 

Mar.  29 
Apr.   5 

May  15 

Apr.  15 
May    4 

Deo.  22 

Apr.   7 
Iter.  14 

Jan.  30 
Apr.  28 

May  20 


'h 


(•) 

Mar.  80 
Apr.  29 


Apr.  10 
A  pr.  19 
Mar.    1 

Apr.  25 
Apr.  21 
Apr.    1 


Apr.  13 
Apr.   3 


187& 


Apr.    1 
Apr.  19 


Mar.  25 
10 


(•) 
Apr.  28 
Apr.   4 


Mar.    7 

Apr.    5 
Mar.  14 

May    9 

Apr.  12 
Mav    6 

(*> 

Apr.   7 
Feb.    8 

(*) 
Apr.  28 

May  12 


Apr.    3 
Apr.    6 


Apr.  6 
Apr.   8 

(•) 

Apr.  22 
Apr.  22 
Mar.  10 


Apr.   3 
Apr.  6 


>  Data  for  Pembina,  Dak.,  prior  to  September,  1880. 

*  Navigation  uninterrupted. 

*  No  reliable  record. 
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APPENDIX    55. 

Signal  Sercicef  United  Slates  Arnuj^  for  Uie  years  specified  (1871  to  188G,  both  inclusivi)' 


VAYIGATION  OPSVSD. 


1877; 

1878. 

1879. 

1880. 

1881. 

1882. 

1883. 

1884. 

1885. 

1886. 

Mar.  28 
Apr.  21 

Mar.    7 
Mar.  10 

Mar.  29 
Apr.    6 

Mar.    1 
Mar.    6 

Mar.  16 
Apr.  29 

Mar.    5 
Mar.    6 

Mar.  15 
Apr.    5 
Mar.  28 

Apr.  17 
(») 

Mar.  31 
Apr.  19 

Mar.  15 
Apr.  10 
Apr.  25 
Apr.  13 
Feb.   13 

Mar.  26 
Apr.  11 

Feb.  24 
Mar.  20 
Apr.  22 
Apr.  20 
Feb.     4 

Apr.    8 
Apr.  26 

(») 
Feb.  28 
Apr.    4 
May    2 
Apr.  28 
Feb.     4 

Mar.  27 
Apr.  15 

(*> 
Feb.  11 

Mar.  30 
Apr.  28 

Mar.  16 
Mar.  16 

Mar.  29 
Apr.  24 
Apr.  10 
Jan.  30 

Mar.  30 
Mar.  19 
Apr.  25 
Jan.     3 

Mar.  29 
May    1 
Apr.  18 
Feb.  25 

Apr.    8 
Apr.  15 
May     5 
FeU  17 

Ftb.     4 

(») 

Jan.  20 

('] 
Apr.  20 
.liiu.   12 
Apr.   10 

(») 
Mar.  14 

(») 
Mar.  20 

Jan.   26 

(•) 
Apr.  23 
Jan.   16 
Apr.    2 

Mar.  id' 

(«) 

(«) 

Apr.    5 

(«) 
Mar.    9 

(») 
Mar.    6 

Jan.   10 

(*) 
May    4 
Jan.  13 
Mar.  24 

(») 
Apr.  16 

(*) 
Apr.    5 

Mar.  14 
Mar.  20 
Mar.  10 

C) 

<») 

Apr.  28 

C) 
Apr.    7 
Mar.  15 
Mar.  27 

(*) 

(«) 

Apr.  28 

(») 
Mar.  27 

Mar.  10 

Mar.  24 

e') 

May     6 
Mar.    6 
Apr.  17 
Mar.  12 
Mar.  31 

Jan.   19 

Mar.  20 
Feb.   11 
Mar.  25 
Feb.  28 

Mur.  30 

Mar.    9 

Mar.  22 

Apr.  10 
Fob.   25 

Mar.  10 

Mar.  22 

Mar.    0 
Mar.    5 

Apr.  12 

Mar.  13 
Mar.    2 

Apr.    7 
Mar.  29 

Mar.  27 
Apr.    1 

Apr.    5 
Apr.    5 

Mar.  15 
Mar.  27 

Apr.  20 
Apr.  22 
Apr.  21 

Apr.  12 
Apr.     1 
Mar.  16 

Apr.  28 
Apr.    1 
Apr.  25 

May     1 
Mar.  20 
Apr.  12 

May     9 
Apr.  27 
May    3 

Apr.  23 
Apr.    4 
Apr.    7 

May    2 
Apr.  25 
Apr.  24 

May     1 
Apr.  10 
Apr.  15 

Apr.  27 
Apr.  30 
May     5 

May     4 
Apr.  13 
Apr.  24 

.Mar.  26 

Mar.    8 

Mar.  15 

Jan.     8 

Mar.  30 

Jan.  12 

Mar.    5 

Mar.  24 

Mar.  20 

Mar.  10 

Mar.  27 
Feb.     0 
Jan.   17 
Apr.  20 

Feb.  22 
Jan.     2 

(') 
Mar.  14 

Mar.  20 
Feb.  10 
Jan.  22 
Apr.  23 

Mar.    7 
Jan.     6 

(») 
Apr.    5 

Apr.    9 
Mar.  14 
Jan.  23 
May    4 

Mar.    4 
Jan.  21 

(») 
Apr.    5 

Apr.    6 
F^  25 

(«) 
Apr.  25 

Mar.  29 
Fob.  25 

Apr.  24 

Apr.     1 
Mar.  10 
Mar.     1 
May     1 

Mar.  28 
Feb.  20 

C) 
Apr.  21 

May    5 

Apr.  18 
(*) 

May    8 

0 

May    4 

Apr.  23 

Apr.  25 

(«) 
Apr.  14 

May     5 

(») 
Apr.  16 

(') 

Apr.  80 
Apr.  19 

May  11 

(«) 
Apr.  24 

Apr.  28 
Apr.  12 

Jan.     7 

(») 

<«) 

0 

Mar.    2 
Apr.  19 

Feb.  19 

Mar.    9 

(*) 

Mar.    9 
Apr.    9 

Apr.    5 
Mar.  21 

Apr.  13 
Apr.  15 

Mar.  10 
Mar.  21 

Mar.    0 
Apr.    5 

Apr.    5 

Apr.    5 

0 

Apr.  14 
May    6 

Mar.  17 
Apr.    1 

Apr.  27 
Mar.    7 
Mar.  30 

C) 

Apr.  10 
Apr.  17 
Mar.    1 

May    8 
Apr.  18 
Apr.    9 
Jan.   30 

Apr.  20 
Apr.  21 
Mar.  15 

Apr.  29 
Apr.    8 
Apr.    4 
Feb.     5 
Doc  29 
Apr.  16 
Apr.  19 
Mar.  18 
Mar.  26 
Mar.  20 
Mar.  22 

Apr.  31 
Apr.  23 
Apr.  24 
Deo.  24 

Apr.  21 
Apr.  21 
Apr.    1 
Mar.  18 
Apr.    1 
Mur,  14 

May    7 
Mar.  28 
Apr.    4 
Feb.  17 

Apr.  17 
Apr.  15 
Mar.  31 
Mar.  23 

Apr.  23 
Apr.    5 
Feb.     8 

Apr.  17 
Apr.  23 
Apr.    2 

Mar.  24 
Apr.    4 

(•) 

Apr.  20 
Mar.  18 
Mar;   6 

Apr.    3 
Apr.    7 
Jan.  31 

Apr.  21 
Apr.  12 
Mar.  24 

Mar.  22 
Mar.  24 
Jan.     1 

Apr.  14 
Apr.  24 
Mar.    8 

Apr.  27 
Mar.  28 
Feb.  15 

Apr.  15 
Apr.  25 
Mar.  19 

Apr.  17 
Feb.  22 

Mar.  18 
Fob.  10 

Apr.    7 
Mar.  23 

Mar.    3 
Feb.  24 

Apr.    7 
Apr.  24 

Feb.  25 
Mar.  17 

Apr.    9 
M!ar.  13 

Mar.  23 
Mar.  18 

'  Data  for  Pembina,  Dak.,  prior  to  September,  1880. 
*  Navigation  uniutorrupU.'<L 
»  N*i  r«Ii»hlH  record. 


Face. 

Abbe,  C,  Prof 20 

Abilene,  Texas,  yearly  sammary., 324,325 

Accounts  settled 186 

Agencies,  Signal  Service 19 

Agencies,  Signal  Service,  report  of  sergeant  in  charge  of 217 

Albany,  Nevr  York,  yearly  summary 324,325 

Alpena,  Michigan,  yearly  summary 324,325 

Anemometer,  description  of,  andliow  read 292,293 

Anemometers  and. supports ,. 219 

Aneroid  barometer 289 

Apache,  Fort,  Arizona,  yearly  summary 326,327 

Appendices,  list  of 29 

Appropriation  for  1886,  condition  of,  at  end  of  fiscal  year 188 

Arctic  geography,  examination  of  accuracy  of 208 

Arctic  work,  honors  received  by  Lieutenant  Greely  and  Sergeant  Brainard 

for 22 

Afisinaboine,  Fort,  Montana,  yearly  summary 326,327 

Atlanta,  Georgia,  yearly  summary 326,327 

Atlantic  City,  l^^ew  Jersey,  yearly  summary 326, 327 

Augusta,  Georgia,  yearly  summary 328,329 

Auroras,  how  observed  ...^ 297 

Balloon  observations 209 

Baltimore,  Maryland,  monthly  and  yearly  summary 328, 329 

Bamegat  City,  New  Jersey,  monthly  and  yearly  summary 328, 329 

Barometer 218, 282. 28;J,  286 

For  ledacing  observations  of,  to  sea-lo  vol,  table 314 

How  placed  and  observed 2-3 

Proper  method  of  recording  readings 300 

Signal  Service,  table  of  latitude,  longitude,  and  elevation  of 213,214,215 

With  brass  scales,  &c.,  correction  to  bo  applied,  table 312 

Observations,  additions,  and  changes  in  table  of  constants  for  reduction 

of 212 

Bench  marks  for  river  observation 158-168 

Bennett,  Fort,  Dakota,  monthl v  and  y earl v  summary 328,  S29 

Benton,  Fort,  Montana,  monthly  and  yearly  summary 330, 331 

Bibliography 210 

Bidwell,  Fort,  California,  monthly  and  yearly  summary 330, 331 

Bismarck,  DaKOta,  monthly  and  yearly  summary 330, 331 

Block  Island,  Rhode  Island,  monthly  and  yearly  summary 330, 3;U 

Bosud,  indications 61 

Boards  of  Trade 21 

Bois6  City,  Idaho,  monthly  and  yearly  summary 332,333 

Boston,  Massachusetts,  monthly  and  yearly  summary 332, 333 

Bridger,  Fort,  Wyoming,  monthly  and  yearly  snmmary 332, 33:i 

Brownsville,  Texas,  monthly  and  yearly  summary 332, 33i) 

Buffalo,  New  York,  monthly  and  yearly  snmmary 334, 335 

Bnford,Fort,  Dakota,  monthly  and  yearly  summary 334,335 

Brainard,  D.  L.,  Sergeant 22 

Bulletin,  Monthly  Special 51 

Bulletin,  Special 50 

Cairo,  Illinois,  meteorological  summary 334, 335 

Canal  regions,  freezing  temperature  in 59 

Canby,  Fort,  Washington  Territory,  meteorological  summary 334, 335 

Cape  Henry,  Virginia,  mete :rological  snmmary 336,337 
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Cape  May, New  Jersey,  meteorological  summary 336,337 

Cape  Mendocino,  California,  meteorological  summary 336, 337 

Ceaar  Keys, Florida, meteorological  summary 336,337 

Charleston ,  South  Carolina,  meteorological  summary 338, 339 

Charlotte,  North  Carolina,  meteorological  summary 338, 339 

Charts,  Weather,  description  and  manner  of  preparation  of 42-46, 64, 65 

Chattanooga, Tennessee,  meteorological  summary 338L339 

Cheyenne,  Wyoming, meteorological  summary 338,339 

Chicago,  lIlinoiH,  meteorological  summary 340,341 

Chincotea|;ne,  Virginia,  meteorological  summary 340, 341 

Cincinnati,  Ohio,  meteorolo£[ical  summary 340,341 

Cleveland,  Ohio,  meteorological  summary 340,341 

Climate,  general  phenomena  of 299 

Clouds : 294,295 

Clouds,propor  method  of  recording 300 

Cloudiness,  average,  at  the  stations  of  the  Signal  Service 479 

Code,  Signal,  New 6,31 

Cold-wave  signals 12,59,60 

List  of  stations  displaying 128 

List  of  cities  at  which  displayed 129,130 

Percentage  of  verification  of 13 

Keporton 124-130 

Columbus,  Ohio,  meteorological  summary 342,343 

Committees,  meteorological,  list  of 176,177 

Committee  on  Expenditures  in  the  War  Department,  report  of 190, 191 

Communications  sent  and  received  at  Signal  Ofiice  during  year 172, 173 

Concho, Fort, Texas, moteorolo^cal  summary 342,343 

Concordia,  Kansas,  meteorological  summary 342,343 

CoronsD 295 

Correction  of  barometric  observations 288 

Correspondence  and  Records  Division ,  report  of  officer  i  u  charge 171 

Cost,  average,  of  maintaining  stations  of  observation 187 

Cotton  InterestD,  reports  for  the  benefit  of 15 

Cotton  region  observations,  report  of  officer  in  charge 1 47, 149 

Cotton  region  stations  established  during  the  year 148 

Cotton  region  stations,  list  of  inspMOOted 147,148 

Custer, Fort, Montana,  meteorological  snmmary 342,343 

Danger  line  of  rivers 158-168 

Data,  meteorological,  purposes  for  which  Aim  ished 175 

Davenport,  Iowa,  meteorological  summary 344,345 

Davis,  Fort,  Texas,  meteorological  summary 1 344,345 

Dayton,  Washington  Territory,  meteorological  summary 344, 345 

Dead  wood,  Dakota,  meteorological  summary 344,345 

Delaware  Breakwater,  meteorological  summary 346, 347 

Denver,  Colorado,  meteorological  summary 346,347 

Des  Moines, Iowa, meteorological  summary 346,347 

Detroit,  Michigan,  meteorological  summary 346,347 

Dew-point 278,279 

Dew-point  and  absolute  humidity  table 311 

Dew-point  tables 302 

Distribution  of  weather  forecasts  on  the  Pacific  coast,  table  of 141 

Dodge  City,  Kansas,  meteorological  summary :)48,349 

Draughting  Boom,  charts  prepu^d  and  work  executed  in 201 

Drave,  Lieutenant 6 

Dubuque,  Iowa,  meteorological  summary 346, 349 

Duluth, Minnesota, meteorological  summary 34H,349 

Dunwoody,H.H.C.,  Lieut 19,31 

Earthquakes 298 

Eastport,  Maine,  meteorological  summary 348,349 

Electricity,  atmospheric,  observations  of 219,220 

Elevation  of  Signal  Service  barometers 213,214,215 

Elliott,  Fort,  Texas,  meteorological  summary 350,351 

El  Paso,  Texas,  meteorological  summary 350,351 

Enlistments  in  Signal  Corps 172 

Envelopes  (penalty)  for  transmitting  reports  of  voluntary  observers 121, 122 

Equipments,  signal,  new * 31 

Equipments,  signal,  issues  ofto  military  posts 31 

Ene,  Pennsylvania,  meteorological  summary 350,351 

Escanaba,  Michigan,  meteorological  summary 350,351 
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Estimates  for  1887 191-197 

Exammers'  DiTision,  sammary  of  work  performed  in 200 

Examining  officer,  report  of 199 

Expenses  of  branch  Signal  Office  at  San  Francisco 143 

Exposure,  instrumental 104,105,208,209,280 

Fact  and  International  Bulletin  DiTision,  report  of  officer  in  charge 216 

Ferrel,  WiDiam,  Prof 8,20,221 

Field  telegraph  trains : 

The  necessity  for  maintenance  of 34 

Organization  of,  in  the  various  armies  of  Europe,  India,  and  Japan.... 34. 35, 3<j, 

37. 3o 

Fire-proof  building,  need  of , 25,26, 198 

Flags: 

weather  and  temperature 67 

From  whom  can  be  purchased 68,70 

Flagstaffs,  location  of,  at  special  display  stations 152, 153 

Flood  warnings 14,57,154-168 

Property  saved  by 14 

Frisco,  Utah,  meteorological  summary 352,353 

Fxost 295 

Frost,  approximate  prediction  of,  how  made 276 

Frost: 

Dates  of  first,  at  stations  east  of  the  Rocky  Mountains 473 

Dates  of  last,  at  stations  east  of  the  Rocky  Mountains 474 

Frost  warnings 17,58,59,183,164,185 

Fuller,  Lieutenant 6 

Galveston,  Texas,  meteorological  summary 352,353 

Gauges,  River 154-168 

Grand  Haven.  Michigan,  meteorological  summary 352, 353 

Grant,  Fort,  Arizona,  meteorolo^cal  summary 3i4,355 

Greencastle,  Indiana,  meteorological  summary 354,355 

Gould,  John 21 

Greely,  A.  W.,  Lieut 22 

Greene,  F^ank,  Lieut , 200 

Hatteras,  North  Carolina,  meteorological  summary 354, 355 

Helena^  Montana,  meteorological  summary 354,355 

Humidity : 

Mean  relative,  at  stations  of  the  Signal  Service 470 

Relative,  table  of .' 255,256,302 

Huron,  Dakota,  meteorological  summary 356,357 

Hy^mecers 278,279 

Indian  campaign  in  Arizona,  active  service  of  the  Signal  Corps  in 6, 8 

Indianapolis,  £idiana,  meteorological  summary 356,357 

Indianola,  Texas,  meteorological  summary ■ '356,357 

Indications 9,10 

For  what  States  prepared 48 

Examples  of 49 

Indications  Division,  rules  and  regulations  for 39-65 

Inspected,  list  of  stations 174.175 

Instruction  of  officers  and  men : 

Of  the  Signal  Corps 5 

At  military  posts 32,33,34 

Instructions  to  voluntary  observers 273-301 

Instrument  Division 20 

Instruments,  how  best  read 280 

Instruments  purchased  and  issued 187 

Investigation  of  disbursements  of  Signal  Service,  caused  by  criticism  of  Sec* 

ond  Comptrollerof  Treasury 190 

Jacksonville.  Florida,  meteorological  summary 356,357 

Joint  Commission  of  Congress 6,7, 8 

Jones,  F.  B..  Capt 26 

Keeler,  Calizomia,  meteorological  summary 358,359 

Keokuk,  Iowa,  meteorological  summary 358,359 

Key  West,  Florida,  meteorological  summary 358,359 

Kitty  Hawk,  North  Carolina,  meteorological  summary 358, 359 

Knoxvillei  Tennessee,  meteorological  summary 360,361 

La  Crosse,  Wisconsin,  meteorological  summary 360,:U>1 

Lamar,  Missouri,  meteorological  summary 360,361 

Leavenworth,  Kansas,  meteorological  summary 360,361 
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LeglBlation : 

An  act  to  eBtablish  a  meteorological  bareau  for  the  State  of  Ohio 82 

A  bill  authorizing  the  transmission  of  weather  reports  through  the  mails 
free  of  postage 122 

A  bill  authorizing  the  transmission  of  storm  and  flood  warnings,  announce- 
ments of  approach  of  cold  waves,  free  of  postage 122 

Letters,  sent  and  received,  table  showing  number  of,  Pacific  Coast  Division.  143 

Lewiston,  Idaho,  meteorological  summary 3^,30:) 

Lithographing,  statement  of  amount  done 202 

Little  Rock,  Arkansas,  meteorological  summary 362,363 

Los  Angeles,  California,  meteorological  summary 362, 363 

Louisville,  Kentucky,  meteorological  summary 362,363 

Lumber,  not  furnished  by  the  War  Department  from  ''contingent  expenses  " .  187 

Lynchburg,  Virginia,  meteorological  summary 370, 371 

Mackinaw  City,  Michigan,  meteorological  summary 370, 371 

Macon,  Fort,  North  Carolina,  meteorological  summary 370, 371 

Maginnis,  Fort,  Montana,  meteorological  summary 370, 371 

Maps,  number  printed 202 

Maxfield,  J.E.,Lient 31 

Marquette,  Michigan,  meteoroloj^ical  summary 364, 365 

Memphis,  Tennessee,  meteorological  summary 364,365 

Meudenhall,  T.CProf 20,21 

Meteorological  Record  Division : 

Report  of  officer  in  charge 203,204 

Statement  of  work  done 203,204 

Miles,N.A.,  General 6,31 

Report  on  value  of  Signal  Corps  in  active  service , 6 

Milwaukee,  Wisconsin,  meteorological  summary 364, 365 

Mobile,  Alabama,  meteorological  summary 364,365 

Moisture  of  the  air 278 

Montgomery,  Alabama,  meteorological  summary 366, 367 

Montrose.  Colorado,  meteorological  summary 366,367 

Moorbeau,  Minnesota,  meteorological  summary 366,367 

Mouut  Washington,  New  Hampshire,  meteorological  summary 366, 367 

Morse,  E.  8., Prof 21 

Myer,  Fort 6,7 

Myer,  Fort,  Virginia^  meteorological  summary 368,369 

Nashville,  Tennessee,  meteorological  summary 368, 369 

Navigation : 

Dates  of  closing  of,  on  lakes  and  rivers  at  stations  of  the  Signal  Service 
for  1871  to  1885 488 

Dates  of  opening  of,  on  lakes  and  rivers  at  stations  of  the  Signal  Service 

for  1871  to  1886 490 

New  Haven,  Connecticut,  meteorological  summary 368, 369 

New  Loudon,  Connecticut,  meteorological  summary 368, 369 

New  Orleans,  Louisiana,  meteorological  summary 372, 373 

New  York  City,  New  York,  meteorological  summary 372, 373 

Norfolk,  Virginia,  meteorological  summary 372,373 

Northers 57 

North  Platte,  Nebraska,  meteorological  summary 372, 373 

Olympia.  Washington  Territory,  meteorological  summary 374, 375 

Omaha,  Nebraska,  meteorological  summary 374,375 

Organization,  recommended  for  the  Signal  Cor].'s • 27 

Oswego,  New  York,  meteorological  summary 374,375 

Paciho  Coast  Division : 

Report  of  officer  in  charge 138 

Statement  of  persons  on  duty  with 140 

Palesti ne,  Texas,  meteorological  summary 374, 375 

Payments,  how  made  by  the  Signal  Service 25,186 

Pensacola.  Florida,  meteorological  summary 876,377 

Philadelphia,  Pennsylvania,  meteorological  summary 376, 377 

Physical  Laboratory  Division,  report  of  assistant  in  charge 218, 219, 220 

Pike's  Peak,  Colorado,  meteorological  summary 376,377 

Pittabur^,  Pennsylvania,  meteorological  summary 376, 377 

Poplar  River,  Montana,  meteorological  summary 378, 379 

Port  Angeles,  Washington  Territory,  meteorological  summary 378, 379 

Port  Huron,  Michigan,  meteorological  summary 378,379 

Portland,  Maine,  meteorological  summary 378.379 
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Portland;  OregOD,  meteorological  Bummary 360,381 

Precipitation 290 

At  cotton  region  stations  from  Hay  to  October,  1685 460 

At  third  order  stations  of  the  Sigaal  Service 463 

Monthly  and  aDnnal,  from  reports  of  voluntary  observers 452 

Monthly  and  annual ,  at  military  post  hospitals 457 

Monthly  and  annual,  at  stations  on  the  Central  Pacific  and  Southern  Pa- 

ciiic  Railroads 458 

Normal,  and  departure  of  Itii^  therefrom,  at  stations  of  the  Signal  Service 

for  each  month 446 

Number  of  days  on  which  .01  inch  or  more  fell  at  third  order  stations. ..  468 

Prescott,  Arizona,  meteorological  summary 380,381 

Pressure,  air 282 

Atmospheric,  mean  range  of,  at  Signal  Service  stations  for  each  month  of 

the  year 404,405,406 

Barometric,  report  on  reduction  to  sea-level  and  standard  gravity 221 

Barometric,  Table  I,  for  reduction  to  sea-level  and  standard  gravity 227 

Barometric,  Table  II,  for  reduction  to  sea-level  and  standard  gravity. ..  232 

Printing,  statement  of  amount  done 20S^ 

Property  and  Disbursing  Officer,  report  of 186 

Psychrometer 219,280 

•   Theory  of. 279 

Tables  for  use  in  Signal  Service,  report  on 233 

Publications  of  the  Signal  Service 26,27 

Publications  of  the  Signal  Service,  necessity  for 20 

Publications  Division,  report  of  officer  in  charge 201, 202 

Purssell,  B.  M.,  Lieut 31 

Railroads  co-operating  and  displaying  weather  indications 169, 170 

Railway  weather  bulletin  service IH,  169, 170 

Rainfall,  monthly  average,  in  California,  Oregon,  and  Washington  Terri- 
tory  143,144,145,146 

Rain-gauges,  form  of,  and  exposure 103, 104, 110, 111,291 

Rain-gauges -. 219,290 

Receipts  of  military  telegraph  lines 183 

Receipts  of  telegraj^h  lines,  military  and  sea-coast 190 

Red  Bluff,  Cali&mia,  meteorological  summary 380,361 

Rio  Grande  City,  Texas,  meteorological  summary 380, 381 

River,  changes,  floods,  and  low  water  in 57 

River  reports,  report  of  officer  in  charge 154-168 

River  stations 158-168 

Rochester,  New  York,  meteorological  summary 38:2,383 

Roseburg,  Oregon,  meteorological  summary 362,3d3 

Sacramento,  California,  meteorological  summary 362, 383 

Saint  Louis,  Missouri,  meteorological  summary 382,383 

Saint  Michael's,  Alaska^  meteorological  summary 384, 385 

Saint  PauI,  Minnesota,  meteorological  summary 384, 385 

Saint  Vincent,  Minnesota,  meteorological  summary 384, 385 

Sales  of  maps 186 

Salt  Lake  City,  Utah,  meteorological  summary 384,385 

San  Antonio,  Texas,  meteorological  summary 386,387 

San  Diego,  California,  meteorological  summary 386,387 

Sandusky,  Ohio,  meteorological  summarv 386,387 

Sandy  Hook,  New  Jersey,  meteorological  summary 386,387 

Sanford,  Florida,  meteorological  summary 388,389 

San  Francisco,  California,  meteorological  summary 388, 389 

San  Luis  Obispo,  California,  meteorological  summary 388, 389 

Santa  F^,  New  Mexico,  meteorological  summary : 388,389 

Savannah,  Georgia,  meteorological  summary S90, 391 

Shaw,  Fort,  Montana,  meteorological  summary 390,391 

Shelter,  instrument 281,282 

Shreveport,  Louisiana,  meteorological  summary 390,391 

Signaling  Division,  military,  report  of  officer  in  charge 31 

Signaling,  military,  improvements  made  in 5,6 

Signals 53,54 

Onshore  and  direction,  description  of 150,151 

Signal: 

Cautionary 11,52,138,139,148 

Report  on  display  of 150,1^ 


498  INDEX, 

Pmge. 
Signals : 

Weather  and  temperature,  of  the  Signal  Service 13,52,67,63 

Of  the  Alabama  State  Weather  Service 72 

Interpretation  of. • 68,69,72,73 

Weather  and  temperature,  list  of  towns  at  which  displayed  daily 135, 136 

List  of  railroads  carrying,  in  Ohio 82,63 

Method  of  displaying 68,72 

Weather  and  temperature,  report  on 131,137 

Weather  and  temperature,  report  of  Indications  Board  on  the  several  sys- 
tems in  use  or  proposed 123 

Sill,  Fort,  Indian  Territory,  meteorological  summary 390, 391 

Sitka,  Alaska,  meteorological  summary 392,393 

Smith,  Fort,  Arkansas,  meteorological  summary 352,353 

Smithville,  i^orth  Carolina,  meteorological  summary 392, 393 

Snow,  how  measured 291 

Special  work  performed  by  the  Signal  Service 19,20 

Society,  Meteorological,  New  England,  extract  from  report  of  director 73 

Spokane  Falls,  Washington  Territory,  meteorological  summary 392, 393 

Springfield.  Illinois,  meteorological  summary 392,393 

State  weatner  services IS 

Report  of  officer  in  charge  of  division  of 66 

Convention  of  chiefs  of 66 

Alabama,  report  of  director 71 

Colorado,  report  of  director 91,92 

Dakota,  report  of  director *. *        98 

Oeorgia,  report  of  director .• 97 

Illinois,  report  of  director 90,91 

Indiana,  report  of  director 93,94,95,96 

Kansas,  report  of  director 93,99 

Michigan,  report  of  assistant  in  charge 87,8S 

Minnesota,  report  of  director .• 78,79 

Missouri,  sample  of  bulletin  issued  by 89 

Nebraska,  report  of  director 92,93 

Ohio,  report  of  director 81,8*2 

Tennessee,  report  of  director 86,87 

Report  of  the  conference  of 100,123 

Stations  of  the  Signal  Service,  classified  list  of 317 

Stations : 

Meteorological,  of  the  Alabama  State  Weather  Service,  list  of 71 

Meteorological,  of  the  Ohio  Meteorological  Bureau,  list  of 84, 85 

Receiving  daily  weather  indications  in  Tennessee 86 

Of  vol  an  tary  observers  in  Tennessee 87 

Of  voluntary  observers  in  Michigan iiS 

Of  voluntary  observers  in  Kansas 9^ 

Cautionary  display,  established  and  inspected 151 

Division,  report  of  officer  in  charge 178 

Special  cotton  region  and  centers,  list  of 322 

Special  display,  list  of 319 

Special  river,  list  of 340 

Repair,  list  of , 319 

Stanton,  Fort,  New  Mexico,  meteorological  summary 394, 395 

Stockton,  Fort,  Texas,  meteorological  summary 394, 395 

Storms: 

Table  showing  number  of  days  on  which,  occurred  on.  Pacific  Coast 142 

Additional  observations  taken  during 296 

Storm  warnings,  Canadian 56 

Storm  warnings 56,57 

Study  Division,  report  of  assistant  in  charge 208-212 

Sully,  Fort,  Dakota,  meteorological  summary 394,395 

Tables,  corrections,  how  used 301 

Tatoosh  Island,  Washington,  meteorological  summary 394, 395 

Telegraph  Division,  report  of  the  officer  in  charge 180-1S5 

Telegraph  lines : 

Military,  list  of,  and  length 16,1?0 

Abandoned  and  sold 16.  1j?0 

In  the  several  military  departments,  description  of 181, 1?2 

Sea-coast 17, 1S3 

Telegrams  sent  and  received  at  Signal  Office  during  year,  number  of 173 
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Temperature : 

Average,  of  the  surface  of  the  ocean  at  Signal  Service  stations 445 

Mean  of  the  mazimnm  and  minimom,  at  cotton  region  stations 442 

Monthly  maximnm  and  minimnm,  at  third-order  stations  of  the  Signal 

Service 463 

MoDtlily  and  annual  mean,  at  stations  on  the  Central  and  Southern  Pa- 
cific Bailroads  435 

Monthly  maximum  and*  minimum  and  annual  range  of,  at  stations  on 

the  Central  and  Southern  Pacific  Eailroads 438 

Mean  daily  range  ot  at  Signal  Service  stations  for  each  month  of  1885. ..  416-418 
Monthly  and  annual  mean,  from  reports  of  voluntary  observers  for  1885. .  419-422 
Maximum  and  minimum  and  annual  range  of,  from  reports  of  voluntary 

observers  for  1885 424-431 

Mean  monthly,  and  departure  of  1885  therefrom,  at  Signal  Service  sta- 
tions  - 412-415 

Mean  maximum  and  mean  minimum,  at  Signal  Service  stations  for  each 

month  of  the  year....« 407-411 

Monthly  and  annual  mean,  at  military  post  hospitals,  table  of 434 

Monthly  twaTimtiiw  and  minimum,  and  annual  range  at  military  post  hos- 
pitals, table  of 432 

Ground 220 

Underground  water • 220 

Oftheair 274,275 

Text  book  of  meteorology 8,9 

Thermometers 218 

Alcohol^  errors  of.... 276,277 

Corrections • 275 

Dry  and  wet  bulb 279 

Dry  and  wet  bulb,  theory  of. ; 279 

Exposure 280 

Howto  remove  airfrom 276 

I^per  method  of  recording 300 

'  Scales 275 

Sensitiveness  of •• 277 

Self-registering,  maximum  and  minimum 280 

Wet-bulb,  how  best  to  observe 277,278 

Thomas,  Fort,  Arizona,  meteorological  summary 296,297 

Thunderstorms 57 

And  air  pressure 266,267 

And  relative  humidity 264,265 

And  the  moon 270,271 

And  solar  rotation 271,272 

Form  for  reporting 261 

Observation  of 75,76,77,114,296 

Occurring  a  little  after  a  maximum  temperature 262,263 

Report  on 260,272 

Toledo,  Ohio,  meteorological  summary..... 396,397 

Tornadoes 56,296 

Tornado  Division,  report  of  officer  in  charge 205,207 

List  of  reporting  stations >. ..         205 

Statement  of  work  done  in  division 206 

Totten, Fort,  Dakota, meteorological  summary • 396,397 

Unalashka,  Alaska,  meteorological  summary 396,397 

Valentine,  Nebraska,  meterologlcal summary 398,399 

Values  of  0.000660  P  (r-r)A+^^^    Table  of 259 

Vanes,  wind 219,291 

How  observed •. 291,292 

Vapor,  aqueous,  tension  of: 

Table  I 251 

Table  II 253 

Vapor  tension : 

Aqueous,  in  millimeters,  table  of 258 

Correction  of,  for  elevation,  table  of 311 

Verification  of  indications: 

Percentage  of 11,141 

Bulesforthe 61,62,63 

Verification  of  indications,  storm  warnings,  rules  for  the 64 

Vernier,  the .• 284 
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VIckibnigyMlMiiiirippi,  metaoiological  iwminMy 29c$, 

Yolkinai^  W.  J^lCaJ 31 

WftlU  WaBa,  WMUDgton,  meteoiologieal  unnimary Sdtj,  399 

WMhiBgton,D.C.,metM>iolqg;icalsiuiimai7 39c(,399 

Westher: 

ATerage  nnmber  of  dear,  fiur,  and  doady  days  at  stations  of  the  Signal 

Ser^ce 482 

State  of^  bow  described 295 

West  Las  AnimaSy  Colorado,  meteorological  sommary 400,401 

Wilmington^  North  Carolina,  meteorological  sommaiy 400,401 

Wind: 

ATeiaee  moTements  of,  at  stations  of  the  Signal  Service p 475 

Velocuyi  bow  measnied • 292 

Velocity  neceasaxy  to  Instifjr  caotionary  and onshole  signals InO 

DirectionijDXDper  method  of  recording 900 

Winnemnccau  KeradA,  meteorolM;ical  sommary 400,401 

Tankton,  Dakota,  meteoTolqgioaraomoiazy •• 7. 400, 401 

Tmna,  Arizona^  metaorologiod  summary 408,403 
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